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REPORT BRIEF 

CYCLE LIFE TEST 
OF 

SECONDARY SPACECRAFT CELLS 

Ref: . (a) NASA Purchase Order Number S-53742AG 

(b) NASA Itr BRA/VBK/pad of 25 Sep 1961 w/BUWEPS first end 
FQ-1 :WSK of 2 Oct 1961 to CO NAD Crane 

(c) Preliminary Work Statement for Battery Evaluation Program 
of 16 Sep 1974 

(d) NAD Crane report QE/C 70-687 of 20 Sep 1970 

I. TEST ASSIGNMENT 

A. In compliance with references (a) and (b), evaluation of 
secondary spacecraft cells was begun according to the program out- 
line of reference (c). This thirteenth annual report covers the cycle 
life test of the evaluation program of secondary spacecraft cells, 
through 15 December 1976. The acceptance tests and general perfor- 
mance tests of the evaluation program were reported earlier where 
applicable. The purpose of the acceptance tests is to insure that 

all cells put into the life cycle program meet the specifications 
outlined in the respective purchase contracts. A sample number 
of cells of each type (usually five) are subjected to the general 
performance tests to determine the limit of their actual capabilities. 
All reports may be obtained from National Aeronautics and Space 
Administration, Scientific and Technical Information Division (Code 
US), Washington, D.C. 

B. This evaluation program gathers statistical information con- 
cerning cell performance characteristics and limitations which is 
used by spacecraft power systems planners, designers, and integra- 
tion teams. Weaknesses discovered in cell design are reported and 
aid in research and development efforts toward improving the reli- 
ability of space batteries. Battery weaknesses encountered in 
satellite programs such as IMP, NIMBUS, 0G0, 0A0, SAS, and TETR 

have been studied and remedied through special tests performed at 
NAYWPNSUPPCEN Crane. 

II. TEST OUTLINE 

A. On 5 December 1963 this activity began the cycle life test 
on 660 sealed, nickel -cadmium cells purchased by NASA. The cells 
were from four manufacturers, and consisted of seven sample classi- 
fications ranging from 3.0 to 20 ampere-hours. Since then 1300 


i 


WQEC/C 77-87 


nickel -cadmium, 183 silver-cadmium and 125 silver-zinc cellsfrom 
several manufacturers have been added to the program, excluding 
synchronous orbit and accelerated test packs. The capacities of the 
nickel -cadmium cells ranged from 1.25 to 50 ampere-hours; and that 
of the silver-cadmium cells ranged from 3.0 to 12.0 ampere-hours; and 
that of the silver-zinc cells ranged from 5 to 40 ampere-hours. The 
purpose of the cycle life program is to determine the cycling performance 
capabilities of packs of cells (5 or 10 cell packs) under different load, 
charge control and temperature conditions. The load conditions include 
cycle length (orbit periods) of 1.5 to 24 hours; and depth of discharge 
ranging from 10 to 75 percent. The charge control methods used are 
voltage limit, auxiliary electrode, coulometer, stabistor, a two-step 
regulator, thermistor controlled voltage limit, and the Sherfey upside- 
down cycling regime. Specially constructed cells to apply internal 
pressure against the fact of the plate stack, and a type to permit 
high charge rates were also tested. Environmental conditions include 
ambient temperatures of -20° C, 0°C, 10°C, 20°C, 40°C, 50°C, and a 
cycling temperature of 0°C to 40°C within a period of 48 hours. A 
"Summary in Brief of Test Parameters" is listed in page iv. 

III. TEST RESULTS 

A. Life cycling data shows that nickel -cadmium cells tested 
at 0°C give longer cycle life* higher end-of -discharge voltages 
and less degradation of ampere-hour capacities than cells tested at 
25°C or 40°C. Overall performance decreases with increase in the 
depth of discharge at all test temperatures. Cell cycle 

life is extended when the amount of recharge is limited to the 
following amounts: 105 percent at 0°C, 115 percent at 25°C and 
125 percent at 40°C. Operating performance can also be improved 
by recharging at rates between c/2 and c/10 with the amount of 
recharge controlled by auxiliary electrodes or cadmium-cadmium 
coulometers. A statistical analysis of the life cycle prediction 
and cause of failure versus test conditions are given in reference (d). 

B. Cycle life data is more limited on silver-cadmium cells. 

However the silver-cadmium data leads to the following general- 
izations: 

1. Depth of Discharge: Longest life is found at 18 to 
25 percent depth of discharge, while 40 to 50 percent depth shortens 
life. 
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2. Temperature: Cells giving longest life have operated 
at 0° to 25°C. Temperatures of 4fPC are detrimental . Only one of 
five packs operating at 4CPC (33£) has exceeded 4S9 days of cycling. 
Limited data at -2Q 5 C indicates short life at this temperature, “his 
is exemplified ir* pack 858 which cycled 148 days. 

3. Orbit Period: The orbit period for silver-cadmium 
cells is predominately 8 or 24 ters. The failures are not common 
to either regime until the packs exceed 66® days (approximately 2 
years} of testing. Failures prior to this time on test are randomly 
distributed between the orbit regimes. Four of five packs (573, 

77B, 338 and 11385 exceeding 663 days Slave operated under a 24-hour 
orbit regime. Thus the longevity of the silver-cadmium cells is 
favored by the 24-haar orbit period. 

C. The silver-cine packs were predominantly 24-hsur orbit, 40 
percent depth of discharge at 2S°C. Thus comparison of operational 
characteristics of the ceils at different parameters is not possible. 
The basic conclusion is that silver-zinc has very short life under 
these conditions ranging from 32 to 325 days of cycling— the average 
being 120 days. 

0. Cell failure analyses of nickel -cadmium cells have shown 
several failure nodes such as little or no insulation around tabs and 
busses/comb, ceramic shorts across the terminals, and leaks around the 
terminals which since have been corrected. A better separator material 
is still needed to extend cycle life of cells. Battery quality control 
programs in the manufacturers* plants would da much to eliminate or 
minimize failure due to misaligned separator material, blistering of 
positive plates, ragged plate edges, and extraneous material, both 
active and foreign. 

E. Carbonate analyses of a limited number of nickel -cadmium 
separator tests have revealed extremely high percentages {equiva- 
lence) of carbonate. The average is slightly over 69 percent of 

the total equivalence. Analyses are performed using GSFC's "Procedure 
for Analysis of Nickel -Cadmium Cell Material * n Report No. X-711-74-79 
and Addendum, of October 1974. 

F. All active and completed packs are listed on pages viii 
through xxi. The symbols used are explained on pages v through vii. 
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SUMMARY I?i GRIEF OF TEST PARAMETERS 


MANUFACTURER 

CAPACITIES 

TESTED 

ORBIT 

PERIOD 

PERCENT DEPTH 
OF DISCHARGE 

TEST 

TEMPERATURES 

SPECIAL 

CHARGE CONTROL 

TOTAL NO. 
OF CELLS 




WiCKEL-CADMIUM 




GE 

3.0, 5.0, 6.0 
6.0, 8.0, 12.0 

1.5, 1.92 
2.16, 3.0 

15, 21, 25, 40, 
50, 60, 80 

0°, 10°, 2Q n 
25 % 40°, 50 J 

a no 4 

AE, AE14, AE14 
THER, COOL 

423 


15.0, 20.0 

24.0 Sync 


40 * * 


180 

Gould 

3.5, 20.0 

1.5, 3.0 

15, 25, 40 

0°, 25°, 
50°-40 n 


Gu 1 ton 

1.25, 3.5, 3.6, 
4.0, 5.0, 5.6, 
6.0, 9.0, 10.0, 

1.5, 1.6, 
3.0, 24.0 
Sync 

10, 15, 21, 25, 
40, 50, 60 

-20°, 0", 10% 
10°, 20% 25% 
50°-40% 40°,* 

AE, CLM, MULTI 
THER 

724 


12.0,15.0,20.0,50.0 





Heliotek 

20.0 

1,5 

40 

20° 

CLM 

5 

HIFE 

3.9 

1.5 

25 

0% 25° 


10 

Sonotone 

3.0, 3.5, 5.0, 
20.0 

1.5, 3.0 

15, 25, 40, 75 

-20°, 0°, 20° 
25°, 50°-40% 
40° 

ST, AE, IPD 

305 

Eagle-Pi cher 

3.0, 6.0 

1.5, Sync 

25, 60 

0% 20° 

AE 

02 




SILVER-CADMIUM 




ESB 

8.0 

8.0 

25 

25° 

AE 

5 

Yardney 

3.0, 5.0, 10.0, 1.5, 8.0 
11.0, 12.0, 24.0 24.0 

16, 20, 27, 30, 
40, 43 

-20°, 0°, 20°, 
25% 40° 

AE-GE 

(12.0 AH only) 

169 

Electromite 

7.0 

8.0 

30 

20° 


3 




SILVER-ZINC 




Del co 

25.0, 40.0 

3.0, 24.0 

25, 40 

25° 

2SR 

45 

McDonnell - 

5.0, 40.0 

1.5, 4.0, 

25, 60 

0°, 20°, 40° 


60 

Douglas 


12.0, Sync 




20 

Yardney 

5.0, 12.0, 

16.0, 21.0 

24.0, Sync 

31, 42, 60 

20°, 25° 

2SR 
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EXPLANATION OF SYMBOLS 

1. Temperature: 

* Ambient temperature which varies sinusoidally from 0 to 
40°C once per 48-hour period. 

2. Special Symbols: 

AE: Auxiliary electrode cells. 

(AE): Atmospheric Explorer. 

AE-GE: General Electric type. 

AE-GU: Gulton type. 

AE13: General Electric type AB13. 

AE14: General Electric type AB14. 

ASTRO: Astropower Laboratory, McDonnell -Douglas. 

ATS: Application Technology Satellite. 

CC: Commercial cells. 

CHSP: "Chemsorb" separator. 

CLM: Coulometer in series with cells to effect charge control. 

CO-NI: Nickel -cadmium cells with cobalt additive to nickel - 
plate. 

CPSP: Cellophane separator. 

C3SP: C3 separator. 

ERTS: Earth Resources Technology Satellite. 

FRS: Folded, vulcanized neoprene, terminal to cover seal. 

GOES: Geostationary Operational Environmental Satellite. 

GSFC: Goddard Space Flight Center, Greenbelt, Maryland 

HCMM: Heat Capacity Mapping Mission 

IM: Cells with improved material and methods used in construction. 

IME: International Magnetosphere Explorer (now known as ISEE). 
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IMP: Interplanetary Monitoring Platform. 

IPD: Cells containing an internal pressure device. 

ITOS: Improved TIROS Operational Satellite. 

ISEE: International Sun Earth Explorer (was known as IME). 
IUE: International Ultraviolet Explorer, 
meq: Mill i equivalents. 

MULTI: Pack contains coulometer and cell with and without 
auxiliary electrodes. 

MULTI*: Pack contains cells with and without auxiliary elec- 
trodes. 

NA: Rot Applicable. 

NB: NIMBUS cells. 

NBPT: NIMBUS cells with pressure transducers, 
pp: Polypropylene. 

0A0: Orbiting Astronomical Observatory. 

OGO: Orbiting Geophysical Observatory. 

0S0: Orbiting Solar Observatory. 

PE: Planetary Explorer. 

PLSP: Pel Ion separator. 

PS: Polymerized neoprene terminal to cover seal. 

RAE: Radio Astronomy Explorer. 

RC-AE: Recombination and auxiliary electrodes. 

RCPSP: Radiated cellophane separator. 

RS: Vulcanized neoprene terminal to cover seal. 

SAS: Small Astronomy Satellite. 

SMS: Synchronous Meteorological Satellite. 

ST: Stabistors used for charge control of cells. 


vi 
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SYNC: Synchronous Orbit. 

TETR: Test and training satellite. 

THER: Thermistor controlled voltage limit. 

WNSP: Woven nylon separator. 

2SR: Two-step regulator used for charge control of cells. 

3S: Triple seal between terminals and cover (ceramic between 
glass). 

3. Date Completed: 

D: Discontinued. 


F: Failed. 


4. Note: / indicates a change in test parameters (start of test/ 

present parameters). 

+ indicates those packs, or cells, of that type which have 
been chemically analyzed. 

5. Annual Last Graphed: Indicates last annual which contained that 

pack’s life-cycling graph. If nothing is 
entered then that pack's graph is contained 
in this annual. The annuals referenced to 
are listed as follows: 


Annual Report Number Date 


Address 


2nd QE/C 66-304 

3rd QE/C 67-685 

4th QE/C 68-138 

5th QE/C 69-244 

6th QE/C 70-173 

7th QE/C 71-1 

8th QEEL/C 72-1 

9th QEEL/C 73-4 

10th QEEL/C 74-34 

Hth WQEC/C 75-2 

12th WQEC/C 76-5 


13 May 1966 

3 November 1967 

14 May 1968 
7 April 1969 
6 March 1970 
29 January 1971 

9 February 1972 
22 May 1973 

15 February 1974 

10 January 1975 

11 February 1976 


NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAD Crane, IN 
NAVWPNSUPPCEN Crane, IN 


ACTIVE AND COMPLETED PACKS 


Ar 
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TYPE 

AMPERE- 

HOUR 

0RDIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°C) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

HICD 

3.00 

Sync 

602 

20° 

£P 


227A 

0.50 

1.50 

5 

9-5-73 

54 Days 

NICD 

3.00 

Sync 

602 

20° 

EP 


2270 

0.15 

1.50 

5 

4-10-74 

920 Days 

nicd 

3.00 

Sync 

602 

20° 

EP 


277C 

0.15 

1.50 

5 

4-14-76 

233 Days 

NIC0 

6.00 

1.5 

252 

20° 

EP 

AE 

2D 

1.00 

3.00 

6 

2-15-71 

376 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

14E+ 

1.60 

3.00 

6 

2-15-71 

997 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

26D 

1.00 

3.00 

6 

2-15-71 

25 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

22C+ 

1.60 

3.00 

6 

2-16-71 

5,9B0 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

25D* 

1,00 

3.00 

0 

2-17-71 

5,950 

HICD 

6.00 

1.5 

252 

20° 

EP 

AE 

31C+ 

1.60 

3.00 

6 

2-17-71 

5,936 

HICD 

6.00 

1.5 

252 

20° 

EP 

AE 

3DF+ 

1.G0 

3.00 

6 

2-17-71 

5,903 

HICD 

6.00 

1.5 

252 

20° 

EP 

AE 

46C+ 

1.C0 

3.00 

6 

2-17-71 

5.030 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

49B+ 

1.69 

3.00 

6 

2-17-71 

5,965 

NICD 

6.00 

1.5 

252 

20° 

EP 

AE 

2E+ 

1.65 

3.00 

5 

5-2-71 

5,001 

NICD 

6.00 

1.5 

252 

25° 

EP 


9F+ 

3.00 

3.00 

7 

11-14-74 

10,530 

HICD 

6.00 

1.5 

252 

25° 

EP 


9J+ 

3.00 

3.00 

4 

10-29-74 

6,167 

HICD 

6.00 

1.5 

252 

25° 

EP 


9K+ 

3.00 

3.00 

5 

10-10-74 

6,270 

HICD 

6.00 

1.5 

252 

25° 

EP 


9L+ 

3.QD 

3.00 

6 

10-2-74 

6,391 

NICD 

6.00 

1.5 

252 

25° 

EP 


9M» 

3.00 

3.00 

6 

10-2-74 

6,300 

NICD 

6.00 

1.5 

252 

25° 

EP 


90* 

3.00 

3.00 

5 

10-10-74 

4,001 

HICD 

6.00 

1.5 

252 

25° 

EP 


9P* 

3.00 

3.00 

6 

10-20-74 

6,332 

NICD 

6.00 

1.5 

252 

25° 

EP 


9q* 

3.00 

3.00 

6 

10-29-74 

6,001 

HICD 

6.00 

1.5 

252 

25° 

EP 


9R* 

3.00 

3.00 

5 

11-14-74 

6,139 

HICD 

6.0D 

1.5 

252 

25° 

EP 


93+ 

3.00 

3.00 

6 

11-14-74 

10,476 

HICD 

6.00 

1.5 

252 

25° 

EP 


9T+ 

3.0Q 

3,00 

6 

4-1-75 

4,002 

NICD 

6.00 

1.5 

402 

40’ 

EP 

AE 

42D 

4.00 

4.69 

5 

9-1-71 

95 

NICD 

6.00 

1.5 

402 

20° 

EP 

AE 

65C 

4.00 

4.00 

5 

9-1-71 

4,227 

NICD 

6.00 

1.5 

402 

0° 

EP 

AE 

53C 

4.00 

4.00 

5 

9-1-71 

10,325 

HICD 

12.0 

Sync 

602 

20° 

EP 


221A 

1.20 

6.00 

5 

11-7-72 

1975 Oay: 


viii 


DATE ANNUAL LAST 
COMPLETED GRAPHED 

10-29-73 D HA 


3- 23-71 D 

4- 10-71 D 
3-07-71 n 
3-22-72 0 
3-22-72 D 
3-22-72 U 
3-22-72 D 
3-22-72 D 
3-22-72 0 
6-7-72 D 

1-19-76 D 
1-11-76 D 
1-11-70 D 
1-11-76 D 

0- 11-76 D 

1- 11-76 0 
1-11-76 D 
1-19-76 0 

9-5-75 D 
9-13-71 0 

5- 24-72 F 
9-6-73 D 


n 

n 

o 

9 

9 

9 

9 

9 

9 

9 


12 


12 

9 

9 

10 


o o 
wg 

tt Q 




% 


K 


;AI, PAGE IS 


WQEC/C 77-07 


TV PE , 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

OEPTH OF 
DISCHARGE 

TEMP 

ro 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK CHARGE 
HO. CURREHT 

hicd 

12.0 

Sync 

go;; 

10° 

EP 


222A 

1.20 

[1ICD 

12.0 

Sync 

602 

0° 

EP 


223A 

1.20 

HICD 

3.00 

1.5 

152 

0° 

GE 


63A 

0.52 

HICD 

3.00 

3.0 

152 

0° 

GE 


67 A 

0.21 

nico 

3.00 

1.5 

252 

0° 

GE 


64A 

Q.G6 

HICD 

3.0D 

3.0 

252 

0° 

GE 


6BA 

0.34 

HICD 

3.00 

1.5 

252 

25° 

GE 


15A 

0.94 

HICD 

3.00 

3.0 

252 

25° 

GE 


19A 

0.3B 

HICD 

3.00 

1.5 

402 

25° 

GE 


16A 

1.50 

HICD 

3.00 

3.0 

402 

25° 

GE 


20A 

0.6Q 

HICD 

3.00 

1.5 

152 

40° 

GE 


39A 

0.72 

HICD 

3.00 

3.0 

152 

40° 

GE 


43A 

0.29 

HICD 

3.00 

1.5 

252 

40° 

GE 


40A 

1.20 

HICD 

3.00 

3.0 

253 

40° 

GE 


44A 

0.48 

HICD 

4.50 

1.5 

132 

20° 

GE 

HB 

26 E 

1.10 

HICD 

5.00 

1.5 

153 

0° 

GE 

HB 

103 A 

0.83 

HICD 

5.00 

1.5 

252 

0° 

GE 

HBPT 

107 A 

1.38 

HICD 

5.00 

1.5 

152 

25° 

GE 

HB 

106A 

0.90 

HICD 

5.Q0 

1.5 

252 

25° 

GE 

HBPT 

1Q4B 

1.50 

HICD 

5.00 

1.5 

152 

40° 

GE 

HB 

113A 

0.98 

HICD 

5.00 

1.5 

252 

40° 

GE 

HBPT 

114A 

1.63 

HICD 

6.00 

Sync 

403 

40° 

GE 


201A+ 

0.20 

HICD 

6.00 

Sync 

402 

25° 

GE 


202A+ 

0.20 

HICD 

6.00 

Sync 

402 

0° 

GE 


203AT 

Q.20 

HICD 

6.00 

Sync 

402 

-20° 

GE 


204A 

0.20 


DISCHARGE 

CIO. CELLS 

DATE 

CYCLES 

DATE 


ANNUAL LAST 

CURREHT 

IN PACK 

STARTED 

COMPLETED 

COMPLETED 

(iKAViltU 


6.00 

5 

11-23-72 

1975 Days 





6.00 

5 

11-3-72 

1975 Days 





0.90 

10 

12-6-63 

22,923 

2-15-68 

0 

c 

M 

0.90 

10 

12-20-63 

11,532 

2-15-60 

D 

5 

1.50 

10 

12-5-63 

23,441 

2-14-GB 

D 

5 

% 2 

1.50 

10 

12-20-63 

11,740 

2-13-6B 

D 

5 

£ 

1.50 

10 

12-6-63 

10,302 

11-6-65 

F 


© *3 
£ > 

1.50 

10 

12-20-63 

10,768 

2-12-CB 

D 

5 

i® 

2.40 

10 

12-5-63 

5,014 

11-10-64 

F 


its 

2.40 

10 

12-20-63 

5,410 

1-8-G6 

F 

3 


0.90 

10 

12-12-63 

8,109 

6-19-65 

F 

n 


0.90 

10 

12-20-63 

2,656 

12-26-64 

F 

2 


1.50 

10 

12-12-63 

2,511 

7-9-64 

F 

2 


1.50 

10 

12-20-63 

4,487 

9-14-65 

F 

2 


1.20 

10 

2-23-72 

8,423 

9-17-73 

D 

10 


1 .50 

5 

4-24-65 

62,905 





2.50 

5 

6-5-65 

39,775 

6-14-72 

D 

9 


1.50 

5 

4-24-65 

26,013 

12-31-69 

F 

7 


2.50 

5 

6-10-65 

13,149 

11 -15-67 

F 

4 


1.50 

5 

4-24-65 

4,998 

3-15-66 

D 

3 


2.50 

5 

6-12-65 

8,273 

12-19-66 F 

3 


2.00 

5 

7-18-67 

194B Days 11-19-72 D 

HA 


2.00 

5 

7-18-67 

3407 Days 




2.00 

5 

7-18-67 

3407 Days 




2.00 

5 

7-18-67 

200 Days 

2-5-68 

F 

NA 



ix 


WqEC/C 77-87 


TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°c) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETE 

ANNUAL LAST 
GRAPHEDD 

NICO 

6.00 

Sync 

40% 

-20° 

GE 

COUL 

204B 

0.20 

2.00 

5 

8-2-68 

2198 Days 8-28-74 

D 

HA 

NICD 

6.00 

Sync 

60% 

0° 

GE 

COUL 

205A+ 

0.30 

3.00 

5 

7-18-67 

3407 Days 




NICO 

6.00 

Sync 

80% 

0° 

GE 

COUL 

206A+ 

0.40 

4.00 

5 

7-18-67 

3407 Days 




NICO 

6.00 

1.5 

25% 

0° 

GE 

AE-13 

52C 

3.00 

3.00 

5 

6-3-68 

9,954 

2-25-70 

F 

7 

NICO 

6.00 

1.5 

25% 

0° 

GE 

AE-14 

50B 

3.00 

3.00 

5 

5-20-68 

29,206 

7-3-73 

F 

10 

NICD 

6.00 

1.5 

25% 

25° 

GE 

AE-13 

5B 

3.00 

3.00 

5 

5-20-68 

13,254 

11-3-70 

D 

7 

NICD 

6.00 

1.5 

25% 

25° 

GE 

AE-14 

17B 

3.00 

3.00 

5 

5-20-68 

15,938 

2-21-71 

F 

8 

HICD 

6.00 

1.5 

25% 

40° 

GE 

AE-13 

6C 

3.00 

3.00 

5 

6-3-68 

8,072 

11-10-69 

F 

6 

NICD 

6.00 

1.5 

25% 

40° 

GE 

AE-14 

42C 

3.0D 

3.00 

5 

5-20-68 

9,047 

1-16-70 

D 

7 

NICD 

6.00 

1.5 

25% 

*/20° 

GE 

AE-13 

62B 

3.00 

3.00 

5 

7-3-68 

14,406 

6-15-73 

F 

10 

NICD 

6.00 

1.5 

25% 

* 

GE 

AE-14 

65B 

3.00 

3.00 

5 

7-3-68 

14,392 

1-31-71 

0 

7 

NICD 

6.00 

1.5 

15% 

0° 

GE 

AE 

53B 

1.80 

1.80 

5 

7-18-68 

9,230 

2-23-70 

F 

7 

NICD 

6.00 

1.5 

15% 

25° 

GE 

AE 

28C 

1.80 

1.80 

5 

7-18-68 

9,987 

4-8-70 

F 

7 

NICD 

6.00 

1.5 

15% 

40° 

GE 

AE 

47 C 

1.80 

1.80 

5 

7-18-68 

5,842 

7-28-69 

D 

6 

NICD 

6.00 

1.5 

25% 

40° 

GE 

CHSP 

9G 

4.80 

4.80 

5 

11-7-68 

143 

11-21-68 

F 

5 

NICD 

6.00 

1.5 

25% 

40° 

GE 

PLSP 

27 C 

4.80 

4.80 

5 

11-7-68 

559 

12-16-68 

D 

5 

NICD 

6.00 

1.5 

21% 

25° 

GE 

SAS B 

1C+ 

3.50 

2.50 

8 

7-22-70 

24,064 

1-26-75 

D 

12 

NICD 

6.00 

2.16/1.5 

20% 

10° 

GE 

MULTI* 

2F 

1.50 

1.90 

5 

12-11-73 

13,681 




NICD 

6.00 

2.16/1.5 

20% 

20° 

GE 

MULTI* 

2G 

1.50 

1.90 

5 

12-11-73 

13,512 




NICD 

6.00 

2.16/1.5 

20% 

0° 

GE 

MULTI* 

2H 

1.50 

1.90 

5 

12-11-73 

13,387 




NICD 

6.00 

1.5 

25% 

-20° 

GE 


BIB 

3.00 

3.00 

5 

3-14-71 

17,189 

8-29-74 

D 

11 

NICD 

6.00 

1.5 

25% 

20° 

GE 


95B 

3.00 

3.00 

5 

3-14-71 

30,073 




NICD 

6.00 

1.5 

25% 

0° 

GE 


92B 

3.00 

3.00 

5 

3-14-71 

29,194 




NICD 

6.00 

1.5 

25% 

40° 

GE 


106B 

3.00 

3.00 

5 

3-14-71 

7,538 

7-2-72 

F 

9 

NICD 

6.00 

1.92 

29% 

20° 

GE 


7Df 

1.45 

3.75 

5 

5-5-75 

6,099 




NICD 

6.00 

24.0 

60% 

40° 

GE 


91 B 

0.30 

3.60 

5 

3-18-71 

792 

6-23-73 

D 

10 

NICD 

6.00 

24.0 

60% 

20° 

GE 


109B* 

0.30 

3.60 

5 

3-18-71 

1,914 





X 


VJqEC/C 77-87 


TYPE AMPERE- 
HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP MAHUFACTURER 

(°c) 

SPECIAL 

SYMBOL 

PACK 1 
HO. < 

3HARGE 

3URREHT 

tllCD 

6.00 

24.0 

60% 

0° 

GE 


123B+ 

0.30 

HICD 

6.00 

24.0 

60S 

-20710° 

GE 


75E+ 

0.30 

HI CD 

6.QD 

1.5 

40% 

40° 

GE 

RC-AE 

6D 

4.80 

tllCD 

6.00 

1.5 

40% 

20° 

GE 

RC-AE 

64B 

4.80 

HI CD 

6.00 

1.5 

40% 

0° 

GE 

RC-AE 

30C 

4.80 

(II CD 

8.0Q 

1.5 

25% 

20° 

GE 

AE 

18E 

4.00 

HICD 

8.00 

1.5 

25% 

20° 

GE 

AE 

18F 

4.00 

HICD 

12.00 

1.5 

15% 

0° 

GE 


110A 

2.07 

(1ICD 

12.00 

3.0 

15% 

0° 

GE 


111A 

0.83 

HICD 

12.00 

1.5 

25% 

0° 

GE 


124A 

3.45 

HICD 

12.00 

3.0 

25% 

0° 

GE 


125A 

1.3B 

tllCD 

12.00 

1.5 

25% 

25° 

GE 


82 A 

3.75 

HICD 

12.00 

3.0 

25% 

25° 

GE 


83A 

1.50 

HICD 

12.00 

1.5 

40% 

25° 

GE 


96A 

6.00 

HICD 

12.00 

3.D 

40% 

25° 

GE 


97 A 

2.40 

HICD 

12.00 

1.5 

15% 

40° 

GE 


85A 

2.88 

HICD 

12.00 

3.0 

15% 

40° 

GE 


86A 

1.15 

HICD 

12.00 

1.5 

25% 

40° 

GE 


99A 

4.80 

HICD 

12.00 

3.0 

25% 

40° 

GE 


100A 

1.92 

HICD 

12.00 

24.0 

50% 

25° 

GE 


93A 

0.52 

HICD 

12.00 

1.5 

25% 

0° 

GE 

AE 

60A 

6.00 

HICD 

12.00 

1.5 

25% 

25° 

GE 

AE 

12A 

6.00 

HICD 

12.00 

1.5 

40% 

25° 

GE 

AE 

24A 

9.60 

HICD 

12.00 

1.5 

40% 

0° 

GE 

AE 

48A 

9.60 

HICD 

12.00 

1.5 

25% 

0° 

GE 

AE 

58A 

6.00 

HICD 

12.00 

1.5 

40% 

0° 

GE 

AE 

72A 

6.00 


DISCHARGE 

HO. CELLS 

DATE 

CYCLES 

DATE 

AHHUAL LAST 


CURREHT 

!H PACK 

STARTED 

COMPLETED 

COMPLETED 


GRArHtO 

o Q 

3.60 

5 

3-18-71 

1,876 




« a 

3.60 

5 

3-18-71 

1,928 




s g 

4.80 

5 

4-25-71 

2,268 

10-11-71 

F 

8 


4.80 

5 

4-25-71 

2,712 

6-29-72 

0 

9 

Q £ 

4.80 

5 

4-25-71 

4,129 

6-29-72 

8 

9 


4.00 

10 

3-6-74 

13,912 




i-i 

4.00 

10 

3-6-74 

13,948 




K c/a 

3.60 

5 

1-4-64 

68,319 





3.60 

5 

1-4-64 

34,553 





6.00 

5 

1-4-64 

34,343 

11-5-69 

F 

6 


6.00 

5 

1-4-64 

34,920 





6.00 

5 

1-4-64 

10,878 

12-30-65 

F 

2 


6.00 

5 

1-4-64 

13,897 

1-24-69 

F 

6 


9.60 

5 

1-4-64 

4,020 

10-2-64 

F 

2 


9.60 

5 

1-4-64 

5,002 

11-8-65 

F 

2 


3.60 

5 

1-9-64 

9,710 

11-8-65 

F 

2 


3.60 

5 

1-4-64 

10,661 

1-2-68 

F 

5 


6.00 

5 

1-9-64 

4,853 

1-5-65 

F 

2 


6.00 

5 

1-4-64 

4,424 

9-24-65 

F 

2 


6.00 

5 

3-28-64 

349 

4-28-65 

D 

3 


6.00 

5 

ID-6-65 

5,650 

10-20-66 

i D 

3 


6.00 

5 

7-20-65 

1,698 

12-1-65 

D 

3 


9.60 

5 

10-2-65 

665 

11-19-65 D 

3 


9.60 

5 

10-12-65 

5,110 

2-10-67 

D 

3 


6.00 

5 

1-20-67 

135 

2-10-67 

0 

HA 


9.60 

5 

1-20-67 

304 

2-2-67 

D 

HA 



XT 


r 


MQHC/C 77-87 


TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°C) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

HO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL LAST 
GRAPHED 

M I CD 

12.00 

1.5 

252 

25° 

GE 

AE 

12B 

6.0D 

6.00 

5 

1-6-67 

404 

2-10-67 

□ 

HA 

HICD 

12. OD 

1.5 

402 

25° 

GE 

AE 

24 B 

6.00 

9.60 

5 

1-5-67 

38 

2-10-67 

D 

flA 

HICD 

12.00 

1.5 

252 

40° 

GE 

AE 

36A 

6.00 

6.00 

5 

1-27-67 

75 

2-3-67 

D 

HA 

HICD 

12.00 

1.5 

402 

40° 

GE 

AE 

34A 

6.00 

9.60 

5 

1-27-67 

65 

2-3-67 

D 

flA 

HICD 

12. OD 

1.6 

162 

10° 

GE 

MULTI* 

7C 

3.20 

3.20 

5 

12-11-73 

13,894 




HICD 

12. OD 

24.0 

502 

0° 

GE 

AE 

8C 

1.20 

6.0D 

5 

10-8-74 

705 




HICD 

12.00 

24.0 

502 

10° 

GE 

AE 

8D 

1.20 

6.00 

5 ' 

10-8-74 

722 




HICD 

12.00 

24.0 

502 

20° 

GE 

AE 

8E 

1.20 

6.00 

4 

10-8-74 

687 




HICD 

12.00 

1.5 

252 

20° 

GE 

AE 

BF 

6.00 

6.00 

5 

3-7-76 

3,643 




HICD 

12.00 

1.5 

402 

0° 

GE 

AE 

8G 

9.60 

9.60 

5 

3-3-76 

3,792 




HICD 

12.00 

24.0 

502 

20° 

GE 

AE 

8H 

1.20 

1.20 

5 

3-15-76 

232 




HICD 

12.00 

Sync 

802 

20° 

GE 

AE 

228A 

1.20 

1.20 

5 

4-26-76 

235 Days 




HICD 

12.00 

Sync 

602 

0° 

GE 

AE 

207A 

3.00 

6.00 

5 

3-22-69 

2786 Days 




HICD 

12.00 

Sync 

802 

0° 

GE 

AE 

208A 

3.0D 

8.00 

5 

3-22-69 

2786 Days 




HICD 

12.00 

Sync 

602 

20° 

GE 

AE 

209A 

3.00 

6.00 

5 

3-22-69 

2786 Days 




HICD 

12.00 

Sync 

802 

20° 

GE 

AE 

21 OA 

3.00 

8.00 

5 

3-22-69 

2786 Days 




HICD 

12.00 

Sync 

602 

40° 

GE 

AE 

211A 

3.00 

6.00 

5 

3-22-69 

793 Days 

5-26-71 

D 

HA 

HICD 

12.00 

Sync 

802 

-20° 

GE 

AE 

21 2A* 

3.00 

8.00 

5 

3-22-69 

1962 Days 

8-28-74 

D 

HA 

HICD 

20.00 

1.5 

152 

0° 

GE 

AE 

7B 

8.00 

6.00 

5 

2-27-70 

12,652 

5-6-72 

D 

9 

HICD 

20.00 

1.5 

152 

0° 

GE 

AE 

67 B 

8.00 

6.00 

5 

2-27-70 

12,634 

5-6-72 

0 

9 

HICD 

20.00 

1.5 

252 

20° 

GE 

AE 

1G 

10.00 

10.00 

5 

9 '17-74 

11,025 




HICD 

20.00 

1.5 

402 

0° 

GE 

AE 

1H 

10.00 

10.00 

5 

9-17-74 

11,065 




HICD 

2D. 00 

1.5 

252 

20° 

GE 

AE 

11 

16.00 

16.00 

5 

9-17-74 

10,966 




HICD 

20.00 

1.5 

402 

0° 

GE 

AE 

10 

16.00 

16.00 

5 

9-17-74 

11,000 




HICD 

3.50 

1.5 

152 

0° 

GOULD 


51 A 

0.60 

1.05 

10 

12-5-63 

22,364 

2-15-68 

D 

5 

HICD 

3.50 

3.0 

152 

0° 

GOULD 


55A 

’ 0.24 

1.05 

10 

12-20-63 

11,546 

2-15-68 

D 

5 

HICD 

3.50 

1.5 

252 

0° 

GOULD 


52A 

1.00 

1.75 

10 

12-5-63 

13,730 

6-11-60 

F 

3 

HICD 

3.50 

3.0 

252 

0° 

GOULD 


56A 

0.40 

1.75 

10 

12-20-63 

11,897 

2-15-68 

D 

5 


xii 


TVP£ 

AMPERE- 

Noim 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°c> 

MANUFACTURER 

SPEC 

SYHfi 

nicd 

3.50 

1.5 

25% 

25° 

GOULD 


fllCD 

3.5D 

3.0 

25% 

25° 

GOULD 


NICD 

3.50 

1.5 

40% 

25° 

GOULD 


I1ICD 

3.50 

3.0 

40% 

25° 

GOULO 


NICD 

3.50 

1.5 

15% 

40° 

GOULD 


HICD 

3.50 

3.0 

15% 

40° 

GOULD 


NICD 

3.50 

1.5 

25% 

40° 

GOULD 


NICD 

3.50 

3.0 

25% 

40° 

GOULD 


HICD 

20.00 

1.5 

15% 

0° 

GOULD 


NICD 

20.00 

3.0 

15% 

0° 

GOULD 


NICD 

20.00 

1.5 

25% 

0° 

GOULD 


NICD 

20.00 

3.0 

25% 

0° 

GOULD 


NICD 

20.00 

1.5 

25% 

25° 

GOULD 


NICD 

20.00 

3.0 

25% 

25° 

GOULD 


NICD 

20.00 

1.5 

40% 

25° 

GOULD 


1 NICD 

20.00 

3.0 

40% 

25° 

GOULD 


NICD 

1 

20.00 

1.5 

15% 

40° 

GOULD 


i 

j NICD 

20.00 

3.0 

15% 

40° 

GOULD 


NICD 

20.00 

1.5 

25% 

40° 

GOULD 


NICD 

20. 00 

3.0 

25% 

40° 

GOULD 


NICD 

1.25 

1.5 

25% 

-20° 

GULTON 


NICD 

1.25 

1.5 

60% 

o 

o 

CM 

1 

GULTON 


NICD 

1.25 

1.5 

25% 

0° 

GULTON 


NICD 

1.25 

1.5 

60% 

0° 

GULTON 


NICD 

3.50 

1.5 

25% 

-20° 

GULTON 

PS 

NICD 

3.50 

1.5 

40% 

-20° 

GULTON 

PS 

NICD 

3.50 

1.5 

25% 

0° 

GULTON 

PS 

NICD 

3.50 

1.5 

40% 

0° 

GULTON 

PS 


WqEC/C 77-07 


PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL LAST 
GRAPHED 

3A 

1.09 

1.75 

10 

12-6-63 

4,751 

10-31-64 F 

2 

7A 

0.44 

1,75 

10 

12-20-63 

4,173 

7-26-65 

F 

2 

4A 

1.75 

2.80 

10 

12-5-63 

3,164 

7-9-64 

F 

2 

8A 

0.70 

2.80 

10 

12-20-63 

2,494 

11-29-64 

F 

2 

27A 

0.84 

1.05 

10 

12-12-63 

4,485 

11-6-64 

F 

2 

31A 

0.34 

1.05 

10 

12-20-63 

2,517 

1-3-65 

F 

2 

20A 

1.40 

1.75 

10 

12-12-63 

1,011 

5-29-64 

F 

2 

32A 

0.56 

1.75 

10 

12-20-63 

975 

6-10-64 

F 

2 

84A 

3.45 

6.00 

5 

1-16-64 

22,440 

2-13-68 

D 

5 

80A 

1.38 

6.00 

5 

1-21-64 

11,378 

2-13-68 

D 

5 

98A 

5.75 

10.00 

5 

1-21-64 

10,641 

1-14-66 

F 

3 

94A 

2.30 

10.00 

5 

1-24-64 

11,162 

2-13-68 

D 

5 

104A 

6.25 

10.00 

5 

1-16-64 

2,980 

0-20-64 

F 

2 

105A 

2.50 

10.00 

5 

1-21-64 

5,690 

3-17-66 

F 

3 

118A 

10.00 

16.00 

5 

2-1-64 

2,937 

9-7-64 

F 

2 

11 9A 

4.00 

16.00 

5 

2-1-64 

1,793 

9-27-64 

F 

2 

112A 

4.80 

6.00 

5 

1-16-64 

5,213 

2-15-65 

F 

2 

108A 

1.92 

6.00 

5 

1-24-64 

4,237 

8-31-65 

F 

2 

126A 

8.00 

10.00 

5 

1-16-64 

1,574 

5-23-64 

F 

2 

122A 

3.20 

10.00 

5 

1-24-64 

983 

7-2-64 

F 

2 

74D 

1.00 

0.63 

5 

3-3-66 

33,878 

6-2-72 

D 

9 

88D 

1.00 

0.63 

5 

3-3-66 

32,144 

3-30-72 

F 

9 

108D 

1.25 

0.63 

5 

3-4-66 

33,063 

4-5-72 

0 

9 

988 

1.25 

1.50 

5 

3-4-66 

12,247 

5-28-68 

F 

5 

89C 

0.96 

1.75 

5 

12-24-66 

23,832 

3-13-71 

F 

8 

75D 

1.54 

2.80 

5 

12-24-66 

14,197 

9-28-69 

F 

6 

122C 

1.01 

1.75 

5 

12-24-66 

37,578 

5-12-72 

D 

9 

99C 

1.61 

x111 

2.80 

5 

12-24-66 

31 ,769 

7-30-72 

F 

9 




WQEC/C 77-87 


TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°C) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL LAST 
GRAPHED 

f(ICD 

3,50 

1.5 

252 

25° 

GULTON 

PS 

87C 

1.09 

1.75 

5 

12-23-66 

20,856 

9-2-70 

F 

7 

NICE) 

3.50 

1.5 

25;: 

40° 

GULTON 

PS 

112C 

1.40 

1.75 

5 

1-2-67 

11,155 

1-3-69 

F 

6 

NICD 

3.50 

1.5 

402 

25° 

GULTON 

P5 

73C 

1.75 

2.80 

5 

12-23-66 

9,978 

10-28-68 F 

5 

NICO 

3.60 

1.5 

402 

25° 

GULTON 

CLM 

39B 

3.60 

2.88 

10 

11-11-65 

5,399 

12-6-66 

F 

3 

NICD 

4.00 

1.5 

152 

0° 

GULTON 

CC 

115B 

0.69 

1.20 

5 

7-25-64 

41,641 

4-5-72 

D 

9 

NICO 

4.00 

1.5 

252 

0° 

GULTON 

CC 

126B 

1.15 

2.00 

5 

7-25-64 

42,234 

1-10-72 

F 

9 

ruco 

4.00 

1.5 

252 

25° 

GULTON 

CC 

4B 

1.25 

2.00 

5 

8-4-64 

35,111 

10-13-70 F 

7 

NICD 

4.00 

1.5 

402 

25° 

GULTON 

CC 

14B 

2.00 

3.20 

5 

8-4-64 

8,474 

3-19-66 

F 

3 

NICD 

4.00 

1.5 

152 

40° 

GULTON 

CC 

28B 

0.96 

1.20 

5 

8-4-64 

20,227 

7-6-68 

F 

5 

NICD 

4.0D 

1.5 

252 

40° 

GULTON 

CC 

40B 

1.60 

2.00 

5 

8-4-64 

10,360 

6-22-66 

F 

3 

NICD 

4.00 

1.5 

252 

-20° 

GULTON 

CLM 

40C 

2.00 

2.00 

5 

3-4-67 

2 

3-4-67 

F 

NA 

NICD 

4.00 

1.5 

252 

0° 

GULTON 

CLM 

52B 

2.00 

2.00 

5 

3-3-67 

5,685 

3-5-68 

F 

5 

NICO 

4.00 

1.5 

152 

25° 

GULTON 

CLH 

26C 

1.20 

1.20 

5 

2-18-67 

11,455 

2-28-69 

F 

6 

NICD 

4.00 

1.5 

252 

25° 

GULTON 

CLM 

14C 

2.00 

2.00 

5 

3-3-67 

2,428 

8-8-67 

F 

4 

NICD 

4.00 

1.5 

402 

25° 

GULTON 

CLM 

37C 

4.80 

4.80 

5 

3-4-67 

790 

5-5-67 

F 

NA 

NICD 

4.0D 

1.5 

602 

25° 

GULTON 

CLM 

38D 

3.20 

3.20 

5 

2-18-67 

1.927 

6-25-67 

F 

4 ■ 

NICO 

4.00 

1.5 

252 

40° 

GULTON 

CLM 

39C 

2.00 

2.00 

5 

3-3-67 

1,508 

6-20-67 

F 

4 

NICD 

5.00 

1.5 

152 

0° 

GULTON 

NO 

117A 

0.83 

1.50 

5 

5-8-65 

38,767 

3-29-72 

D 

9 

NICD 

5,00 

1.5 

252 

0° 

GULTON 

NBPT 

121A 

1.38 

2.50 

5 

6-5-65 

20,861 

3-5-69 

F 

5 

NICD 

5.00 

1.5 

152 

25° 

GULTON 

NB 

120A 

0.90 

1.50 

5 

5-2-65 

29,753 

11-03-70 F 

7 

NICO 

5,00 

1.5 

252 

25° 

GULTON 

NBPT 

118B 

1.50 

2.50 

5 

6-10-65 

8,108 

11-22-66 

F 

3 

NICD 

5.00 

1.5 

152 

40° 

GULTON 

NB 

127A 

0.98 

1.50 

5 

4-29-65 

10,638 

5-24-67 

F 

4 

NICD 

5.00 

1.5 

252 

40“ 

GULTON 

NBPT 

128A 

1.63 

2.50 

5 

6-21-65 

6,345 

8-18-66 

F 

3 

NICD 

5.0D 

1.5 

252 

0° 

GULTON 

CO-HI 

21 E 

1.4 

2.50 

10 

9-2-70 

32,714 




NICD 

5.00 

1.5 

252 

25° 

GULTON 

CO-NI 

45E+ 

1.40 

2.50 

10 

9-2-70 

30,225 

5-19-76 

F 


NICD 

5.00 

1.5 

402 

25° 

GULTON 

CO-NI 

69C+ 

2.20 

4.00 

10 

9-2-70 

16,196 

8-14-73 

0 

9 


xlv 


WQEC/C 77-87 


m- 



TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°c) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK CHARGE 
NO. CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL LAST 
GRAPHED 

NICD 

5.00 

1.5 

25% 

40° 

GULTON 

CQ-NI 

9H+ 

1.40 

2.50 

10 

9-2-70 

16,098 

8-11-73 

D 

9 

NICD 

5.00 

1.5 

40% 

40° 

GULTON 

CO-NI 

330 

2.20 

4.00 

10 

9-2-70 

4,523 

6-18-71 

D 

8 

NICD 

5. 60 

1.5 

25% 

-20° 

GULTON 

FRS 

44B 

1.61 

2. BO 

5 

1-2-66 

31,907 

8-30-71 

F 

8 

NICD 

5.60 

1.5 

25% 

-20° 

GULTON 

RS 

32B 

1.61 

2. BO 

5 

1-2-66 

23,303 

3-4-7D 

F 

7 

NICD 

5.60 

1.5 

25% 

0° 

GULTON 

FRS 

100B 

1.61 

2. BO 

5 

12-17-65 

28,758 

2-5-71 

F 

8 

NICD 

5.60 

1.5 

25% 

0° 

GULTON 

RS 

90C 

1.61 

2.80 

5 

12-17-65 

31,623 

7-20-71 

F 

8 

NICD 

5.60 

1.5 

25% 

25° 

GULTON 

FRS 

76B 

1.75 

2.80 

5 

12-10-65 

11,158 

1-2-68 

F 

5 

NICD 

5.60 

1.5 

25% 

25° 

GULTON 

RS 

96C 

1.75 

2.80 

5 

12-10-65 

9,791 

9-1 9-67 

F 

4 

NICD 

5.60 

1.5 

25% 

40° 

GULTON 

FRS 

42B 

2.24 

2.80 

5 

12-3-65 

3,79B 

9-10-66 

F 

3 

NICD 

5. 60 

1.5 

25% 

40° 

GULTON 

RS 

30B 

2.24 

2.80 

5 

12-3-65 

1,275 

3-8-66 

F 

3 

NICD 

6.00 

1.5 

15% 

0° 

GULTON 


61 A 

1.04 

1.80 

10 

12-31-63 

10,146 

12-17-65 F 

2 

NICD 

6.00 

3.0 

15% 

0° 

GULTON 


65A 

0.41 

1.80 

10 

12-31-63 

11,208 

2-15-68 

D 

5 

NICD 

6.00 

1.5 

25% 

0° 

GULTON 


62A 

1.72 

3.00 

10 

12-30-63 

22,779 

2-15-68 

D 

5 

NICD 

6.00 

3.0 

25% 

0° 

GULTON 


66A 

0.69 

3.00 

10 

12-31-63 

4,414 

8-31-65 

F 

2 

NICD 

6.00 

1.5 

25% 

25° 

GULTON 


13A 

1.8B 

3.00 

10 

12-31-63 

4,021 

11-11-64 F 

2 

NICD 

6.00 

3.0 

25% 

25° 

GULTON 


17A 

0.75 

3.00 

10 

12-20-63 

2,885 

1-31-65 

F 

2 

NICD 

6.00 

1.5 

25% 

25° 

GUTLON 


14A 

3.00 

4.80 

10 

12-30-63 

2,086 

6-9-64 

F 

2 

NICD 

6.00 

3.00 

40% 

25° 

GULTON 


ISA 

1.20 

4.80 

10 

12-31-63 

1 ,500 

8-18-64 

F 

2 

NICD 

6.00 

1.5 

15% 

40° 

GULTON 


37A 

1.44 

1.80 

10 

12-31-63 

6,064 

4-14-65 

F 

2 

HICD 

6.00 

3.0 

15% 

40° 

GULTON 


41 A 

0.5B 

1.80 

10 

12-31-63 

1,689 

9-14-64 

F 

2 

NICD 

6.00 

1.5 

25% 

40° 

GULTON 


38A 

2.40 

3.00 

10 

12-30-63 

1 ,377 

5-22-64 

F 

2 

NICD 

6.QD 

3.0 

25% 

40° 

GULTON 


42 A 

0.96 

3.00 

10 

12-31-63 

4,133 

8-23-65 

F 

2 

NICD 

6.00 

24.0 

50% 

25° 

GULTON 


79A 

0.20 

3.00 

5 

3-28-64 

545 

10-13-65 F 

3 

NICD 

6.00 

1.5 

25% 

0° 

GULTON 

IM 

13B 

1.73 

3.00 

5 

2-22-65 

37,650 

10-27-71 

F 

8 

NICD 

6,00 

1.5 

40% 

25° 

GULTON 

IM 

IBB 

3.00 

4.80 

5 

2-22-65 

7,577 

7-21-66 

F 

3 

NICD 

6.00 

1.5 

25% 

40° 

GULTON 

III 

38B 

2.40 

3.00 

5 

2-22-65 

5,766 

3-31-66 

F 

3 


XV 
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KSfTrtfS ’HDCH 33 

si H&Y3 ovMerr' 


TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

(°c> 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELLS 
IN PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL LAST 
GRAPHED 

NICD 

6.00 

1.5 

10 1 

0° 

GULTOti 


61 EJ 

0.66 

1.20 

10 

6-7-67 

27,536 

6-2-72 D 

9 

nicd 

6.00 

1.5 

253 

0° 

GULTON 

AE 

59A 

3.00 

3.00 

5 

4-15-65 

14,863 

2-2B-63 F 

5 

MICD 

6.00 

1.5 

m 

0° 

GULTON 

AE 

71A 

4. GO 

4. GO 

S 

4-15-65 

5,753 

5-18-66 F 

3 

NICD 

6.00 

1.5 

252 

25° 

GULTON 

AE 

23A 

3.QQ 

3.00 

5 

2-5-65 

15,713 

1-24-68 F 

5 

NICE) 

6.00 

1.5 

m 

25° 

GULTOH 

AE 

11 A 

4.00 

4.G0 

5 

2-5-65 

7,743- 

7-9-66 F 

3 

NICO 

6.QD 

1.5 

152 

40° 

GULTON 

AE 

35A 

1.80 

l.GO 

5 

6-2G-65 

12,511 

11-30-67 F 

4 

NICD 

6.00 

1.5 

252 

4Q a 

GULTON 

AE 

47A 

3.00 

3.00 

5 

5-16-65 

5,502 

5-11-66 F 

3 

NICO 

6.00 

1.5 

152 

*/20° 

GULTON 

AE 

GOD 

l.GO 

1.00 

5 

4-25-67 

32,625 

12-21-72 0 

10 

NICD 

6.00 

1.5 

252 

* 

GULTON 

AE 

24C 

3.00 

3.00 

5 

4-25-67 

17,328 

5-24-70 F 

7 

NICO 

6.00 

1.5 

m 

★ 

GULTON 

AE 

4QB 

4.00 

4.80 

5 

4-25-67 

6,156 

6-27-68 F 

b 

NICD 

6.00 

3.0 

252 

-20° 

GULTON 

CLH 

410 

3.00 

3.00 

5 

11-18-66 

15,132 

7-23-72 F 

9 

NICD 

6.00 

3.0 

252 

0° 

GULTON 

CLM 

66B 

3.00 

3.00 

5 

11-10-66 

13,396 

8-9-71 F 

8 

NICD 

6.00 

3.0 

252 

25° 

GULTON 

CLH 

1QC 

3.00 

3.00 

5 

11-18-66 

9,633 

6-3-70 F 

7 

NICD 

6.00 

3.0 

25% 

40° 

GULTON 

CLH 

29B 

3.00 

3.00 

5 

11-1B-66 

7,941 

9-17-69 F 

6 

NICD 

6.00 

1.5 

152 

*/20° 

GULTON 

AE 

36D 

1.80 

1.80 

5 

1-8-69 

41,471 



NICD 

6.00 

1.5 

252 

*/20° 

GULTON 

AE 

58D 

3.00 

3.00 

5 

1-8-69 

41 ,756 



NICD 

6.00 

1.5 

0.82 

20° 

GULTON 

TETR 

51 B 

0.30 

0.10 

10 

2-26-69 

21 ,193 

11-13-72 D 

9 

NICD 

6.00 

1.5 

502/402 

-20° 

GULTON 

CLH 

39D 

6.00 

6.00 

5 

9-21-70 

1,376 

5-10-71 F 

6 

NICD 

6.00 

1.5 

502/402 

0° 

GULTON 

CLH 

63B+ 

6.00 

6.00 

5 

9-21-70 

23,121 

3-26-75 F 

12 

NICD 

6.00 

1.5 

502/402 

20° 

GULTON 

CLH 

3C+ 

6.00 

6.00 

5 

9-21-70 

26,829 

10-31-75 F 

12 

NICD 

6.00 

1.5 

502/402 

40° 

GULTON 

CLH 

27D 

6.00 

6.00 

5 

9-21-70 

6,808 

11-6-71 F 

8 

NICD 

6.00 

1.5 

212 

25° 

GULTON 

SAS A 

18D* 

3.50 

2.50 

8 

7-22-70 

23,230 

11 -17-74 D 

11 

NICD 

6.00 

1.5 

252 

20° 

GULTON 

AE 

28D 

3.00 

3.00 

5 

6-9-70 

10,804 

5-4-72 D 

9 

NICD 

6.00 

1.5 

252 

20° 

GULTON 

AE 

40D 

3.00 

3.00 

5 

6-9-70 

10,846 

5-4-72 D 

9 

NICD 

6.00 

1.5 

252 

20° 

GULTON 

AE 

52D 

3.00 

3.00 

5 

6-9-70 

10,446 

5-4-72 D 

9 

NICD 

6.00 

1.5 

252 

20° 

GULTON 


611 

3/00 

3.00 

10 

9-25-74 

5,504 

10-3-75 D 

12 

NICD 

9.00 

1.5 

252 

20“ 

GULTON 

AE 

18G 

4.50 

4.50 

10 

4-4-75 

8,139 
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H^EC/C 77-07 


TYPE AMPERE- 
HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP ' 

rc) 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK CHARGE 
NO. CURRENT 

raco 

10.03 

1.6 

25'' 

O' 

QUITO!! 

AE 

200 

6.00 

HIC& 

10.30 

1.5 

26". 

25' 

GULTGM 

AE 

00 

5.03 

:aco 

10.03 

1.6 

25: 

40' 

QUITO’! 

AE 

CO 

5.03 

NICD 

12. GO 

1.5 

153 

O' 

GULTON 


ICO* 

2.0? 

NICB 

12.03 

1.5 

25-; 

O'- 

QUITO!! 


1010 

3.45 

fiJCO 

12.03 

1.5 

25 ' 

25' 

QUITO’! 


275 

3.75 

NSCD 

12.03 

1.5 

40 ; 

25 

QUITO’! 


SCO 

6.03 

!iIC3 

12.03 

1.5 

16 

40' 

G'JITGO 


?i'A 

2.03 

ttfQ 

12.03 

1.5 

25. 

40- 

GULTG’i 


CJO 

G.G3 

r.iCD 

12.03 

1.5 

25 • 

O' 

G'Ji. TO*! 

AE 

75 A 

0.C3 

raco 

12.03 

1.5 

40-. 

0' 

G’JLTGN 

AE 

713 

6,03 

aBCD 

12.03 

1.5 

403 

25'* 

GULTON 

AE 

no 

6.03 

filCD 

12.03 

1.5 

25;. 

40' 

GULTC 1 ! 

AE 

47B 

G.C3 

raco 

1 5. 03 


CO'; 

23' 

GULTG'i 


c»fCA 

1.63 

ftlCO 

16.03 

Oyrr. 

03'- . 

20’’ 

GULION 


22C3 

1.50 

tiSCO 

23.C3 

1.5 

15 

O’ 

G’jLTOTl 


101A 

3.45 

MCD 

23.03 

3.0 

150 

G- 

GULTC!! 


132A 

1.23 

rtlGD 

23.03 

1.5 

16; 

10’ 

GULTON 


223 

0.65 

fiSCD 

20.03 

1.5 

150 

16’ 

GULTC’! 

AE-PT 

2C3 

0.C3 

filC3 

20.03 

1.5 

150 

10’ 

SOLID 

AS 

46 

0.03 

NICO 

20.03 

1.5 

250 

dr 

GULTC! 


ik-a 

5.75 

raco 

20. CO 

3.0 

w5o 

dr 

GULTON 


hoa 

2.23 

r«CD 

20.03 

1.5 

350 

25’ 

GULTC!! 


72A 

0.25 

raco 

20.03 

3.0 

250 

25’ 

G’JLTQ*! 


74 A 

2.60 

raco 

20.03 

1.5 

40;; 

25’ 

GULTC!! 


0?A 

10.63 

fitCO 

20.03 

3.0 

403 

25’ 

G'JLTfl’J 


63A 

4. 03 


iCHARGE 

IRRENT 

HO. CELLS 
I!J PACK 

DATE 

STARTED 

CYCLES 

COMPLETED 

GATE ANNUAL LAST 

COMPLETED GRAPHED 


5.00 

5 

1-16-69 

2 

1-15-03 F 

KA 


5.03 

5 

11-27-6? 

2.414 

o-o-ea f 

5 

(a o 

5.03 

5 

11-27-07 

602 

3-14-63 F 

5 

P5g 

3.00 

5 

2-20-66 

51.727 

4-29-74 F 

n 

fC G 

Is 

0.60 

5 

12-19-04 

23,110 

10-5-71 F 

o 

6.63 

6 

1-23-05 

14 

3-5-6? F 

4 

6 ns 

0.00 

"j 

12-2-64 

5.152 

11-9-06 F 

3 

C < 

&Q 

3.60 

5 

12-22-04 

11,031 

1-3-00 F 

3 

C P* 

ga 

10.63 

5 

12-6-04 

5,123 

n -10-05 F 


0.63 

5 

2-10-0? 

62,7-33 




9.53 

5 

1-0-0? 

15,276 

10-0-03 F 

6 


9.60 

r. 

13-17-00 

11 ,933 

12-31-03 F 

5 


6.60 

5 

1-5-07 

6,037 

6-13.S3 F 

5 


0.25 

'j 

3-5-73 

1310 Csy 

5 



6.25 

5 

5-9-M 

U33 OiiU 




G.OO 

5 

1 -10-04 

3,029 

9-2'j-65 F 

2 


0.03 

5 

1-21-03 

11,212 

£-13-03 S 

6 


O.DJ 

10 

2-5-71 

12,-32 

lt-0-73 D 

10 


0.03 

5 

2-4-71 

10,?S3 

11-23-72 D 

0 


0.03 

9 

5-14-72 

23,105 




io.co 

5 

1-10-04 

2,291 

0-24-05 F 

2 


10.CD 

5 

2-11-05 

10,575 

2-13-03 0 

5 


10.00 

5 

1-16-53 

7,763 

0-23-05 F 

2 


10.03 

5 

1-21 -S3 

1.7C3 

9-27-04 F 

L 


10.00 

5 

2-1-03 

037 

4-7-05 F 

2 


10.03 

5 

2-1-03 

263 

3-21-04 F 

2 



I 


WEC/C 77-07 


type 

AMPERE- 

HOUR 

onon 

PERIOD 

DEPTH OF 
DISCHARGE 

TEMP 

rcj 

MANUFACTURER 

SPECIAL 

SYMBOL 

PACK 

HO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELL 
IN PACK 

.S GATE 
STARTED 

CYCLES 

COMPLETED 

DATE 

COMPLETED 

ANNUAL last 
GRAPHED 

KK3 

20.00 

1.5 

152 

40'' 

GULTOH 


76A 

4.00 

6.00 

5 

1-1B-G4 

9,340 

10-15-65 F 


n r £0 

20.00 

3.0 

152 

4Q 3 

GULTGH 


77A 

1.92 

6.00 

5 

1-21 -34 

6,032 

4-20-66 F 

3 

NICD 

20.00 

1.5 

252 

40= 

GULTOH 


23A 

G.GO 

10.00 

5 

1-18-64 

4,045 

11-12-64 F 

2 

filCD 

20.00 

3.0 

252 

40° 

GULTGH 


91A 

3.20 

10.00 

5 

1-24-64 

4,480 

10-14-65 F 

2 

Ml CO 

20.00 

1.5 

15* 

0° 

GULTOH 

AE 

SOB 

5.00 

6.00 

5 

4-0-67 

-4,026 

1-25-68 b 

5 

HICD 

20.00 

1.5 

1 52 

25° 

GULTOH 

AE 

12C 

5.00 

6.00 

5 

3-9-67 

4,924 

1 -25-63 D 

5 

HICD 

20.00 

1.5 

153 

40° 

GULTOH 

AE 

35B 

5.00 

6.00 

5 

3-11-67 

2,740 

9-5-67 D 

4 

racD 

20.00 

1.5 

153 

» 

GULTOH 

MULTI 

12D 

10.00 

6.00 

5 

2-8-68 

7,262 

5-13-69 D 

6 

HICD 

20.00 

1.5 

253 

* 

GULTOH 

MULTI 

25C 

10.00 

10.00 

5 

2-0-68 

966 

0-14-68 F 

c 

* 

HICD 

20.00 

1.5 

403 

* 

GULTOH 

MULTI 

53C 

10.00 

16.00 

5 

2-0-60 

131 

3-2-60 F 

5 

HICD 

20.00 

1.5 

153 

O a 

GULTOH 

AE 

54 B 

0.00 

6.00 

5 

3-23-68 

46,915 



NICD 

20.00 

1.5 

153 

25° 

GULTOH 

AE 

19B 

0.00 

6.00 

5 

3-23-60 

24,625 

7-2-72 0 

9 

HICD 

20.00 

1.5 

153 

40° 

GULTOH 

AE 

38E 

8.00 

6.00 

5 

3-23-68 

4.943 

2-12-69 D 

6 

HICD 

20.00 

1.5 

253 

* 

GULTOH 

MULTI 

43C 

10.00 

10.00 

6 

5-26-69 

1.943 

3-24-70 F 

7 

HICD 

20.00 

1.5 

253 

20° 

GULTOH 

MULTI* 

480 

10.00 

10.00 

6 

7-9-70 

13,960 

1-12-73 F 

10 

HICD 

20.00 

1.5 

153 

20° 

GULTOH 

MULTI* 

12E 

0.00 

6.00 

5 

5-13-70 

34,461 



HICD 

20.00 

1.5 

153 

0° 

GULTOH 

MULTI* 

68B 

8.00 

6.00 

5 

10-18-70 

32,102 



HICD 

20.00 

1.5 

253 

20° 

GULTOH 

AE 

ID* 

10.00 

10.00 

5 

10-15-73 

15,403 



HICD 

20.00 

1.5 

253 

20° 

GULTOH 

AE 

1E+ 

10.00 

10.00 

5 

10-15-73 

15,329 



HICD 

20. QO 

1.5 

253 

20° 

GULTOH 

AE 

1F+ 

10.00 

10.00 

5 

10-15-73 

13,977 



HICD 

20.00 

1.6 

253 

10° 

GULTOH 

MULTI* 

4D 

8.00 

5.00 

5 

9-19-73 

14,410 



HICD 

20.00 

1.5 

253 

10° 

GULTOH 

MULTI* 

4E+ 

8.00 

6.00 

5 

10-22-73 

15,363 



HICD 

20.00 

1.5 

253 

10° 

GULTOH 

MULTI* 

4F+ 

9.00 

6.00 

5 

10-24-73 

15,410 



HICD 

20.00 

1.5 

253 

10° 

GULTOH 

MULTI* 

4G* 

8.00 

6.00 

5 

10-22-73 

15,154 



HICD 

50.00 

1.5 

253 

0° 

GULTOH 


95A 

14.38 

25.00 

5 

6-8-64 

3,227 

2-9-65 F 

3 


xvtlt 


L 










WQEC/C 77-8 7 


TYPE 

AMPERE- 

ORBIT 

DEPTH OF 

TEMP 

MANUFACTURER 

SPECIAL 

PACK 

CHARGE 

DISCHARGE 

NO. CELLS 

DATE 

CYCLE5 

DATE ANNUAL LAST 


HOUR 

PERIOD 

DISCHARGE 

C°c) 


SYMBOL 

NO. 

CURRENT 

CURRENT 

IN PACK 

STARTED 

COMPLETED 

COMPLETED 

GRAPHED O O 

W £ 
3 ^ Q 

HICO 

50.00 

1.5 

152 

40° 

GULTOH 


123A 

12.00 

15.00 

5 

6-8-64 

1.873 

11-11-64 F 

HICD 

20. OD 

1.5 

402 

20° 

HELIOTEK 


34D 

16.00 

16.00 

5 

3-14-72 

2,903 

10-15-72 F 

9 8 1 

HICD 

3.90 

1.5 

252 

0° 

HIFE 


97 C 

1.07 

2.00 

5 

9-29-67 

20.009 

4-6-71 F 

e 5° 5 

NICD 

3.90 

1.5 

252 

25° 

HIFE 


85C 

1.07 

2.00 

5 

9-29-67 

9,356 

6-19-69 F 

6 > fc 

ri£co 

3.QD 

1.5 

152 

0° 

SOliOTONE 

3S 

43B 

0.52 

0.9D 

5 

6-24-65 

37,969 

4-19-72 D 

9 i § 

NICD 

3.00 

1.5 

252 

0° 

SONOTONE 

3S 

318 

0.86 

1.50 

5 

6-24-65 

28.074 

8-10-70 F 

7 g BS 

NICD 

3.00 

1.5 

252 

25° 

SOHOTONE 

3S 

3B 

0.94 

1.50 

5 

6-25-65 

11.726 

8-23-67 F 

4 

HICD 

3.QD 

1.5 

402 

25° 

SONOTONE 

35 

2B 

1.50 

2.40 

5 

7-10-65 

5,399 

7-26-66 F 

3 

NICD 

3.00 

1.5 

152 

40° 

SONOTONE 

35 

26B 

0.72 

0.30 

5 

7-10-65 

6,289 

10-4-66 F 

3 

NICD 

3.00 

1.5 

252 

40° 

SONOTONE 

3S 

37B 

1.20 

1.50 

5 

7-10-65 

5,625 

8-4-66 F 

3 

NICD 

3.50 

1.5 

102 

0° 

SONOTONE 


15B 

0.39 

0.70 

10 

6-7-67 

26,353 

6-2-72 D 

9 

HICD 

5.00 

1.5 

152 

0° 

SONOTONE 


49A 

0.86 

1.50 

10 

12-31-63 

23,112 

2-15-68 D 

5 

NICD 

5.0D 

3.0 

152 

0° 

SONOTONE 


53A 

0.35 

1.50 

10 

12-31-63 

11,427 

2-13-68 D 

5 

HICD 

5.0D 

1.5 

252 

O a 

SONOTONE 


50A 

1.44 

2.50 

10 

12-17-63 

22,525 

2-15-68 D 

5 

HICO 

5.00 

3.0 

252 

O a 

SONOTONE 


54A 

0.58 

2.50 

10 

12-31-63 

11,331 

2-7-68 D 

5 

NICD 

5.00 

1.5 

252 

25° 

SONOTONE 


1A 

1.56 

2.50 

10 

12-17-63 

11,745 

2-27-66 F 

3 

HICD 

5.0D 

3.0 

252 

25° 

SOliOTONE 


5A 

0.62 

2.50 

10 

12-31-63 

1 i ,092 

2-12-68 0 

5 

HICD 

5.0D 

1.5 

402 

25° 

SONOTONE 


2A 

2.50 

4.00 

10 

12-17-63 

6,671 

4-24-65 F 

2 

NICD 

5.00 

3.0 

402 

25° 

SOHOTONE 


6A 

1.00 

4.00 

10 

1-2-64 

5,211 

12-13-65 F 

2 

HICD 

5.00 

1.5 

152 

40° 

SONOTONE 


25A 

1.20 

1.50 

10 

12-17-63 

9,328 

10-31-65 F 

2 

NICD 

5.00 

3.0 

152 

40° 

SONOTONE 


29A 

0.48 

1.50 

10 

12-31-63 

5,975 

4-17-66 F 

3 

NICD 

5.00 

1.5 

252 

40° 

SONOTONE 


26A 

2.00 

2.50 

10 

12-17-63 

3,625 

10-15-64 F 

2 

NICD 

5.00 

3.0 

252 

40° 

SOHOTONE 


30A 

0.80 

2.50 

10 

12-31-63 

4,141 

8-7-65 F 

2 

HICO 

5.00 

1.5 

252 

-20° 

SONOTONE 

ST 

75C 

5.00 

2.50 

5 

10-24-65 

2,145 

4-5-66 F 

3 

HICD 

5.00 

1.5 

402 

-20° 

SONOTONE 

ST 

89B 

5.00 

4.0D 

5 

10-24-65 

1.530 

2-26-66 F 

3 

NICD 

5.00 

1.5 

252 

0° 

SONOTONE 

ST 

92A 

5.00 

2.50 

5 

9-5-65 

8,774 

5-10-67 F 

4 


xix 


ifJEC/C 77.37 


TfPE 

AWE RE - 
HQ'JR 

ORBIT 

PERIOD 

DEPTH (Jr 

DISCHARGE 

TEMP 

rc; 

JIAMUFACTUREP 

SPECIAL 

SWEGL 

PACK 

S3. 

MICD 

5.G0 

1.5 

40.1 

O'' 

DO WTO ME 

DT 

122B 

WCD 

5. GO 

1.5 

25i 

25'' 

SOMOTOME 

DT 

730 

NICO 

5.00 

1.5 

402 

25' 

somotqme 

DT 

373 

NXCB 

5.00 

1.5 

252 

40’ 

5GM3TCNE 

DT 

933 

MICD 

5.00 

1.5 

152 

40'' 

SttWTQME 

DT 

1120 

MICD 

5.0Q 

1.5 

252 

25'- 

SOMOTOME 

AE 

14D 

MICD 

20. QO 

1.5 

252 

25'' 

SOMOTOME 

I PD 

22A 

NICO 

20. OD 

1.5 

252 

25'' 

SOMOTOME 

IPD 

10A 

fJICD 

20.00 

1.5 

402 

25'' 

SQfiOTGTiE 

IPD 

343 

MICD 

20.00 

3.0 

402 

25° 

SOMOTOME 

IPD 

46A 

MICD 

20.00 

1.5 

752 

25° 

SOMOTOME 

IPD 

72B 

MICD 

20.00 

1.5 

252 

20° 

SOMOTOME 

IPD* 

10B 

MICD 

20.00 

1.5 

252 

20° 

SOMOTOME 

IPD* 

22B 

MICD 

20.00 

1.5 

402 

20° 

SQJiOTOME 

IPD* 

34C 

MICD 

20.00 

3.0 

402 

20 e 

SOMOTOME 

IPD* 

46B 

MICD 

20.00 

1.5 

752 

20* 

SOMOTOME 

IPD* 

72C 

AGCD 

7.00 

8.0 

302 

20° 

ELECTROMITE 


104C 

AGCD 

8.00 

8.0 

252 

25° 

ESB 

AE 

IB 

AGCD 

3.00 

1.5 

162 

25° 

YARDMEY 


2C 

AGCD 

5.00 

24.0 

202 

0° 

YARDIIEY 

C3SP 

57B 

AGCD 

5.00 

24.0 

202 

25° 

YARDMEY 

C3SP 

21 A 

AGCD 

5.00 

24.0 

202 

40° 

YARDMEY 

C3SP 

45A 

AGCD 

5.00 

24.0 

202 

25° 

YARDMEY 

RCPSP 

9C 

AGCD 

5.00 

24.0 

202 

25° 

YARDIIEY 

CPSP 

33 B 

AGCD 

5.00 

24.0 

202 

25° 

YARDMEY 

PLSP 

69A 

AGCD 

5.00 

24.0 

202 

0° 

YARDIIEY 


113B 


CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

NO. CELL 
Hi PACK 

.3 DATE 
STARTED 

CYCLES DATE 

COMPLETED COSSETED 

ANNUAL LAST 
GRAPHED 

5.0 9 

4.09 

5 

3-6-65 

5,193 

5-24-65 F 

3 

5. GO 

2.03 

5 

8-12-66 

3,742 

4-15-66 F 

j 

5.09 

4.03 

5 

8-12-55 

2,532 

1-27-65 F 

3 

5.09 

2.50 

5 

8-23-65 

4 , 233 

7-9-66 F 

3 

5.09 

1.50 

5 

0-23-55 

2,29 4 

4-1 -66 F 

3 

2.59 

1.47 

5 

11-7-67 

1,175 

2-7-60 F 

5 

20.09 

19.03 

10 

9-20-67 

6,665 

10-7-69 D 

6 

7.09 

10.00 

10 

9-20-67 

7,100 

10-7-65 Q 

6 

20.00 

16.00 

10 

9-20-67 

5,624 

7-3-69 F 

6 

20.09 

16.00 

10 

9-20-67 

3,501 

10-7-65 D 

6 

20.00 

30.00 

10 

9-20-67 

1.143 

4-5-65 F 

6 

7.00 

10.00 

19 

5-13-70 

13,964 

10-39-72 F 

9 

15.00 

10.00 

10 

5-13-70 

3,419 

11-23-70 D 

7 

15.00 

16.00 

10 

5-13-70 

8,357 

11-2-71 F 

8 

15.00 

16. OD 

10 

5-13-70 

636 

11-23-70 D 

7 

20.00 

30.00 

10 

5-13-70 

4,331 

2-22-71 F 

8 

0.40 

2.10 

3 

12-23-70 

1,330 

3-29-72 D 

9 

0.50 

2.GQ 

5 

9-9-66 

3,875 

6-8-70 F 

7 

1.30 

1.09 

9 

9-16-66 

7,039 

12-12-67 F 

4 

0.30 

1.00 

5 

9-17-65 

267 

6-17-66 F 

3 

0.30 

1.00 

5 

9-17-65 

98 

12-25-65 F 

3 

0.30 

1.00 

5 

9-27-65 

61 

11-16-65 F 

3 

0.30 

1.00 

10 

10-27-65 

34 

12-1-65 D 

2 

0.30 

1.00 

5 

10-17-65 

720 

11-4-67 F 

4 

0.30 

1 .00 

5 

10-27-65 

595 

7-17-67 F 

4 

0.30 

1.00 

5 

1-22-67 

2,542 

2-19-71 F 

8 
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TYPE 

AMPERE- 

ORBIT 

DEPTH OF 

TEMP 

MANUFACTURER 

SPECIAL 

PACK 

CHARGE 

DISCHARGE 

NO. CELLS 

DATE 

CYCLES 

DATE 


ANNUAL LAST 


HOUR 

PERIOD 

DISCHARGE 

(°C) 


SYMBOL 

NO. 

CURRENT 

CURRENT 

IN PACK 

STARTED 

COMPLETED 

COMPLETED 

GRAPHED 

AGCD 

5.00 

24.0 

20% 

25° 

YARDNEY 


77B 

0.30 

1.00 

5 

1-12-67 

661 

11-12-68 F 

5 

AGCD 

5.00 

24.0 

20% 

25° 

YARDHEY 


105B 

0.30 

1.00 

5 

1-12-67 

77 

4-19-67 

F 

4 

AGCD 

5.00 

24.0 

20% 

40° 

YARDNEY 


128B 

0.30 

1.00 

5 

1-19-67 

269 

11-4-67 

F 

4 

AGCD 

5.00 

8.00 

20% 

0° 

YARDHEY 

PLCPSP 

114B 

0.30 

1.00 

5 

1-22-67 

1,496 

6-25-68 

F 

5 

AGCO 

5.00 

8.0 

20% 

25° 

YARDNEY 

PLCPSP 

118C 

0.30 

1.00 

5 

1-17-67 

1,505 

7-9-68 

F 

5 

AGCD 

10.00 

8.0 

30% 

25° 

YARDNEY 


45D 

0.50 

3.00 

5 

5-3-67 

1,759 

11-19-68 F 

5 

AGCD 

10.00 

8.0/12. 

0 25% 

a 

o 

CM 

YARDHEY 


57E 

0.50 

2.50 

5 

8-19-73 

1,124 

11-27-75 D 

12 

AGCD 

11.00 

24.0 

40% 

0° 

YARDHEY 


45B 

0.30 

4.40 

10 

11-5-56 

121 

3-13-67 

F 

4 

AGCD 

11.00 

24.0 

40% 

25° 

YARDHEY 


21 B 

0.30 

4.40 

10 

11-5-66 

69 

1-13-67 

F 

HA 

AGCD 

11. OD 

8.0 

27% 

25° 

YARDHEY 

PLSP 

21 C 

0.50 

3.00 

5 

3-28-67 

37 

4-9-67 

F 

HA 

AGCD 

11.00 

8.0 

27% 

25° 

YARDNEY 

WISP 

45C 

0.50 

3.00 

5 

3-28-67 

70 

4-22-67 

F 

HA 

AGCD 

11.00 

24.0 

18% 

0° 

YARDNEY 

AE-GU 

57 D 

0.25 

2.00 

5 

2-14-68 

1,740 

1 -7-73 

F 

10 

AGCD 

11.00 

24.0 

18% 

25° 

YARDNEY 

AE-GU 

69B 

0.25 

2.00 

5 

2-14-68 

507 

7-13-69 

F 

6 

AGCD 

11. OD 

24.0 

18% 

40° 

YARDNEY 

AE-GU 

33C 

0.25 

2.00 

5 

2-14-68 

447 

5-15-69 

F 

6 

AGCD 

12.00 

24.0 

50% 

0° 

YARDHEY 


57A 

0.60 

6.00 

10 

2-14-64 

168 

9-3-64 

F 

2 

AGCD 

12.00 

24.0 

50% 

40° 

YARDNEY 


33A 

0.60 

6.00 

10 

2-14-64 

210 

9-20-64 

F 

2 

AGCD 

12.00 

1.5 

25% 

-20° 

YARDHEY 


85B 

3.90 

6.00 

5 

1-19-66 

2,375 

3-25-67 

F 

4 

AGCD 

12.00 

1.5 

25% 

Q 3 

YARDNEY 


97 B 

3.90 

6.00 

5 

1-19-66 

4,481 

3-15-67 

F 

4 

AGCD 

12.00 

1.5 

25% 

25° 

YARDHEY 


82B 

3.90 

6.00 

5 

1-17-66 

4,559 

11-27-66 F 

3 

AGCD 

12.00 

24.0 

43% 

0° 

YARDNEY 

AE-GE 

21 D 

0.50 

5.20 

5 

6-16-67 

60 

8-1 3-67 

F 

HA 

AGCD 

12.00 

24.0 

43% 

40 3 

YARDHEY 

AE-GE 

9F 

0.50 

5.20 

5 

6-16-67 

310 

5-28-68 

F 

5 

AGZH 

5.00 

1.5 

25% 

20° 

ASTRO 


25B 

1.60 

2.50 

10 

12-4-69 

681 

2-1-70 

F 

7 

AGZH 

5.00 

12.0 

25% 

20° 

ASTRO 


25C 

9.35 

2.50 

10 

2-8-70 

567 

11 -27-70 F 

7 

AGZfl 

5.00 

12.0 

25% 

40° 

ASTRO 


37D 

0.35 

2.50 

10 

2-8-70 

391 

9-4-70 

F 

7 

AGZH 

5.00 

1.5 

IM 

In 

as 

40° 

ASTRO 


47D 

1.60 

2.50 

10 

12-4-69 

2,013 

4-19-70 

F 

7 

AGZH 

5.00 

Sync 

60% 

25° 

ASTRO 


21 3A 

0.35 

2.50 

10 

1-21-70 

425 Days 

3-24-71 

D 

HA 
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TYPE 

AMPERE- 

HOUR 

ORBIT 

PERIOD 

DEPTH OF 
DISCHARGE 

AGZN 

5.00 

Sync 

607, 

AGZfi 

40.00 

4.0 

202 

AGZN 

40.00 

4.0 

202 

Aiszri 

40.00 

Sync 

60S 

AGZN 

40.00 

Sync 

602 

AGZN 

40.00 

Sync 

602 

AGZN 

25.00 

24.0 

402 

AGZN 

25.00 

24.0 

402 

AGZN 

25.00 

3.0 

402 

AGZN 

25.00 

3.0 

402 

AGZN 

25.00 

24.0 

402 

AGZN 

25.00 

24.0 

402 

AGZN 

40.00 

24.0 

252 

AGZN 

5.00 

Sync 

cos 

AGZfi 

5.00 

Sync 

602 

AGZN 

5.00 

Sync 

602 

AGZN 

12.00 

24.0 

422 

AGZN 

16.00 

24.0 

312 

AGZN 

21.00 

Sync 

602 


TEMP 

<*C) 

MANUFACTURER SPECIAL 
SYMBOL 

PACK 

NO. 

CHARGE 

CURRENT 

DISCHARGE 

CURRENT 

40“ 

ASTRO 

21 4A 

0.35 

2.50 

20° 

ASTRO 

20C 

3.00 

5.00 

20° 

ASTRO 

33E 

3.00 

5.00 

0° 

ASTRO 

218A 

1.50 

20.00 

20° 

ASTRO 

21 9A 

1.50 

20.00 

40° 

ASTRO 

220A 

1.50 

20.00 

25° 

DELCO-REMY 

89A 

15.00 

10.00 

25° 

OELCO-REMY 

75A 

15.00 

10.00 

25° 

DELCO-REMY 

88B 

15.00 

20.00 

25' 

OELCO-REMY 

88C 

15.00 

20.00 

25° 

OELCO-REMY 

9D 

1.00 

10.00 

25° 

DELCO-REMY 2SR 

9E 

1.00 

10.00 

25° 

DELCO-REMY 

75B 

25.00 

10.00 

r\3 

o 

o 

YARONEY 

224A 

0.40 

2.50 

20° 

YARDNEY 

224B 

0.40 

2.50 

20* 

YARONEY 

224C 

0.40 

2.50 

25° 

YARONEY 

9A 

0.50 

5.00 

25° 

YARONEY 2SR 

57C 

0.50 

5.00 

20° 

YARONEY 

225A 

1.20 

10.50 


NO. CELLS 

DATE 

CYCLES 

DATE 


ANNUAL LAST 

IN PACK 

STARTED 

COMPLETED 

COMPLETED 


GRAPHED 

10 

1-21-70 

425 Days 

3-24-71 

D 

NA 

10 

10-25-71 

519 

2-7-72 

D 

9 

10 

10-25-71 

502 

5-8-72 

0 

9 

10 

4-27-71 

389 Days 

7-1 5-72 

F 

NA 

10 

5-3-71 

389 Days 

7-15-72 

F 

NA 

10 

5-3-71 

228 Days 

2-8-72 

F 

NA 

5 

9-18-64 

80 

12-8-64 

0 

2 

5 

8-18-64 

32 

9-18-64 

F 

2 

5 

3-1-65 

120 

3-16-65 

D 

2 

5 

3-26-65 

325 

5-6-65 

0 

2 

10 

12-13-65 

121 

4-18-66 

D 

3 

10 

10-5-66 

90 

1-4-67 

0 

NA 

5 

10-28-64 

139 

3-15-65 

D 

2 

10 

1-15-73 

113 Oays 

5-8-73 

D 

NA 

6 

8-18-73 

48 Days 

10-5-73 

0 

NA 

6 

8-18-73 

392 Oays 

10-2-74 

D 

NA 

10 

5-7-65 

58 

7-7-65 

D 

2 

10 

12-2-66 

281 

8-30-67 

0 

4 

10 

1-15-73 

739 Days 

3-18-75 

0 

NA 
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considerable research is being done to find more efficient and 
reliable means of storing electrical energy for orbiting satellites. 
Rechargeable cells offer one such means. The test program at 
NAVWPNSUPPCEN Crane has been established in order to further the 
evaluation of certain types of cells and to obtain performance and 
failure data as an aid to their continued improvement. 

. Th l s tfll " rteent *\ annual report covers the cycle life test, the third 
phase of the evaluation program of secondary spacecraft cells, 
through 15 December 1976. The purpose of the cycle program is to 
determine the cycling performance capabilities of packs of cells 
under different load and temperature conditions. The acceptance 
tests and general performance tests, the first and second phases 
ot the evaluation program, were reported earlier. 


A sunmary ^ ie resu lts of the life cycling program is given 
in this report. Complete data and graphs are available upon appli- 
cation via NASA Technical Officer. The application will include 
information on exactly what data is required; the use to which the 
data will be put; application details including orbital description, 
charge control methods, load requirements, etc., as appropriate; 
name and address of the activity that stands to benefit; name and 
number of the responsible individual concerned; and the 
affiliation with any Government agency as contractual arrangement. 

During December 1963, this activity began the cycle test on 660 
sealed, nickel -cadmium cells purchased by NASA. The cells were from 
tour manufacturers, and consisted of seven sample classifications 
ranging from 3.0 to 20 ampere-hours. Since then 1300 ‘nickel -cadmium, 

183 silver-cadmium and 125 silver-zinc sealed cells, excluding 

a ?u accel6rated test Packs, from several manufacturers 
have been added to the program. The capacities of the nickel -cadmium 
cells ranged from 1.25 to 50.0 ampere-hours; that of the silver-cadmium 
ranged from 3.0 to 12.0 ampere-hours; and that of the silver-zinc cells 
™fed from 5.0 to 40.0 ampere-hours. These cells are cycled under dif- 
ferent load, charge control and temperature conditions. The load con- 
ditions include cycle length (orbit periods) of 1.5 to 24 hours; and 
depths of discharge ranging from 10 to 75 percent. Unless otherwise 
specified, all cell packs are recharged by using a pack voltage limit 
as in s test program. All charging is constant current 

until the voltage limit is reached; at this time the charge current is 
automatically reduced to protect the cells during overcharge. 
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The time at which voltage limiting occurs varies slightly with 
cycling. Thus the percent of recharge is not constant from cycle 
to cycle as illustrated in graphs accompanying such voltage 
limited packs. Other charge control methods used are auxiliary 
electrode, coulometer, stabistor, two-step regulator, thermistor 
controlled voltage limit, and Sherfey upside-down cycling regime. 
Specially constructed cells to apply internal pressure against 
the face of the plate stack, and a type to permit high charge rates 
were also tested. Environmental conditions include ambient temper- 
atures of -20°, 0°, 10°, 20°, 25°, 40°, 50° C; and a sinusoidal cycling 
temperature of 0° to 40° C within a period of 48 hours. 

The ampere-hour capacity of each pack, at its specified test 
temperature, is measured initially and every 88 days of continuous 
cycling unless otherwise specified. Each pack being checked is 
discharged immediately after the end of the regular cycle charge 
period, at the c/2 rate (c being the manufacturer's rated capacity) 
to a cutoff of 1.0 volt per cell average, or to a low of 0.5 volt 
on any one cell, or a combination of the two. The pack is then 
recharged at the c/10 rate for 16 hours and then discharged again 
as above. Before being returned to regular cycling, the pack is 
given a 16-hour charge (48-hour prior to 14 December 1969) at the 
c/10 rate, with the regular on-charge cycling voltage limit. The 
s unwary of the capacity check results will list only the amount 
obtained on the second discharge (Disch #2) unless otherwise noted. 

All other capacity checks not noted this way receive only one dis- 
charge which is run at the cycle rate to 1.0 volt per cell or 0.5 
volt on any one cell, or a combination of the two, and then recharged 
at the regular cycle rate prior to being returned to automatic 
cycling. By direction of Goddard Space Flight Center capacities to 
1.20 and 1.10 volts per cell average have been interpolated from 
existing data. This has been done for five packs (24C, 48B, 60B, 

78A and 101B; see Figures 1 and 2). The first three packs (Figure 
1) were 6.0 ampere-hour nickel -cadmium cells in a temperature 
cycling regime. The other cells were 12 ampere-hour nickel -cadmium 
cells operating at 40° and Q D C respectively. All these cells were 
manufactured by Gulton. (See report brief, pages viii through xxi 
for further information on parameters.) All of these packs have 
failed or been discontinued. 

A cell is considered a failure when its terminal voltage drops 
below 0.5 volt at any time during a regular discharge-charge cycle. 

It is removed from the pack upon completion of a recorded cycle unless 
otherwise specified. The remaining cells continue cycling until they 
either fail or are discontinued. This is a change, in that, prior to 
1972 a pack vyas considered as having failed when 60 percent of its 
cells had failed. By direction of Goddard Space Flight Center cell 
failure analysis is performed at NAVWPNSUPPCEN Crane and a complete 
chemical analysis may be performed if designated by GSFC. The manu- 
facturer is invited to participate as an observer in the analysis of 
his cells. J 
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In order to clarify the discussion that follows, all failure terms 
are defined (see page 8) according to their use m this report. These 
are our definitions, and they may differ somewhat from usage elsewhere 

On 31 August 1972, the first battery pack was placed on the new 
Automatic Data Acquisition and Control System (ADACS) for test. 

The conversion of the battery packs from the old .ally system to 
ADACS was completed 27 November 1972. 

Data is recorded by the new system and consists of individual cell 
voltage, individual cell temperature, total voltage, current and 
ambient temperature. Also when appropriate, data is recorded on 
auxiliary electrode voltage, gas recombination electrode voltage, 
coulometer voltage, and pressure transducer voltage. It is then 
converted to absolute values and stored on magnetic tape for data 
analysis and future reference. Data is read and recorded normally 
Iwf 2.4 minutes for packs cycling on a *1.48, 3.0 and 24.0 hour 
orbits. Packs undergoing synchronous orbit testing are recorded 
every 2.4 minutes during their shadow period and every 8.0 hours 
during their sun/float period. 

All graphs are computer printed with cycle numbers automatically 
scaled and “staggered" (to allow room for printing) at the bottom of 
each graph. They are printed in multiples of 10 or 100 depending on 
the total cycles and room available. Thus the computer is programmed 
to round as follows: , 


Multiples of 10 

0-4 Cycles, 0 
5-14 Cycles, 1 
15-24 Cycles, 2 
25-34 Cycles, 3 


Multiples of 100 

0-49 Cycl es , 0 
50-149 Cycles, 1 
150-249 Cycles, 2 
250-349 Cycles, 3 


*The 1.5 hour orbit period was changed to 1.48 hours in which the 
battery pack now receives a discharge time of .48 hour instead of 
.50 hour. 
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DIVERSE TESTS >» «»">» ™ £lF£ aCU " E ^ 

The loU«n»9 “f s ’,°re 2 . 

corresponding Program Officer, 
ft. Acceptance Testing: 

ranging ,?? p “^nSspection. weighing a " d J ea! ;,-f internil short 

Incapacity checks. (3) cnarge ^ and ^ 

( 7 finternai a rllistlnce e testflnd (8) pressure versus capacity 
V * o tpsts are conducted on all 

B. Separator Te ? ti " 9 -. i „^i 0 n cellophane, polyprophylene, 

types of separators including mate ? 1a l . The n f s \\ won- 

various materials by R > . rons tant current charge, (2) 

performed in three ™ des ; n <Ut C ° 3 S stand while in a charged 
stant potential charge and W^f/^ted to silver-zinc and 

ctatp To date these tests . mantifarturers. The cells 
silver-cadmium cells ^“ de ^ rl °p 0 rted by Goddard Space Flight 
undergoing separator tests ar v 

C. General Performance Testing: 1n G capaci t^fronTl^t 20 
has been conducted on < ^/^ests been limited to nickel- 

ampere-hours. To dai.e these . s have been represented, 
cadmium cells. A1 ^ a:i( (rN m random vibration, (2) sinusoidal 
The test consists of. 0) m\ acceleration, (5) charge at 

vibration, (3) mechanical shock, h qe ra te constant at c/2, 

“ *■ ■” d 171 . 

0 synchronous Orbit Testing: kel-cldmiu^ cell^anf 2?“ 

consisting of 140 days of trick e charge and^u ^ increasing 
charge. The discharge time is 12 minute «» ts of 7 Z minutes 

3 to 4 minutes each ^ u( r ce ® l”2 ained each day through the 25th. 
on the 18th day which . mal ^ a1 ^^ rharae time is decreased 3 to 4 

SJy^tlflt has returned to the 12-minute minimum on 
the 40th day. 

E. Interplanetary Monitoring P^^a^t^th^f light batteries 
tests were performed on batteries ^ The test con ditions simulate 

aboard the IMP satellites E, J”’ P nites and are basically a 12-hour 
those aboard the respective satellites ^ silver _ cadin i um varying 

^capacity fr^foTo ^re-hours. Summary reports have been 

written by* Goddard Space Flight Center. 
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distinct programs. 

1 . Program involving storage p acity f (S^ 

Ef.bs :? ^ (a > i,ft wl,ns 

at room temperature. . _ ^ 

2. program involving 1 ItLrti on" 9 '.^ ghi ng T and leak test, 

tests included: ^V 9 ®"®n a _ e g-j s tance, (c) capacity tests, and 

(bl measurement of internal resistance, 

(d) automatic cycling. 

3. Program involving s 4 sta ’"?? h g| h v |rying 1 capacity to 

consists of subjecting s^ver-wrec^ll f^ ^ h 9 gh g-levels 

charge-discharge cycles whil th | sea ied and vented types of cells. 

F^rthlfthllestin^is performed on cells that^ plained g-levels 

Sff-?sr-''* ,=a - ,5sys,s:;r:s ’- 09 - 10s ' 20s ' 

50g and 75g. 

G. Accelerated Testing: purpose^ ^ s ^^ttery°users 

develop: (1) a t0 ?^ ^ or s ?n> r , a If QPaled nickel -cadmium cells, 

to determine the life capabi ’ ^ ffect of design and component changes 

inral^Wa '£ls 9 of reducing the time and cost of cell 

testing. - / c/\“t , - 0 no 

!. The program will consist of 94 test batteries (547 .ell )- 

2 . An outline of this program is contained in NASA, GSFC 
Rpnort X— 761 —73-183 . 

+ UOEC/C 76-8 of 13 February 1976, includes 

3. Interim report, WQEC/C io a 

tests completed through December 1975. 

H. NAVSEC Testing 4°hour e cells V forevaluation of inorganic 

Cells rcy-r/at 30 and 100 percent 000 test 

regimes. - . cn „h nickel - 

cadmium »t^ “ 3 SynCh; ° n ° US 

type orbit. 
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DEFINITIONS 

Weight Loss : The weight loss in grams between the weight at 
the time of acceptance and that at the time of failure. Gains or 
losses of less than one gram are not considered (slight gains may 
occur from traces ov solder left on the cell terminals). 

Deposits : Carbonate deposits, at a point of leakage such as 
at a terminal or seam; or corrosive deposits located under the 
top portion of the ceil case around the seam and the terminal tabs. 
Deposits are removed prior to weighing as of 14 December 1969. 

High Pressure : Signified by a bulged cell case or by a hissing 
of escaped gas when cell is opened. It may not be present at the 
time the cell is opened although the bulge indicates its presence 
at some earlier time. 

Concave Sides : Refers to rectangular cells only. The sides of 
the can are made permanently concave by the higher pressure of 
neighboring cells in the pack. This sometimes causes a short 
between the case and Internal elements. 

Weak Held : An inadequate weld, as determined by the mechanical 
strength of the bond. The pieces separate, without tearing of the 
metal, when pulled apart by the fingers. This may be at a tab-to- 
plate connection, a tab-to-cell case connection, or a tab-to-terminal 
connection. 

L oosened Active Material : Positive plate active material which 
separates from the grid in large intact pieces. This condition is 
often noticed in cylindrical cells due to the fact that the plates 
are unrolled during failure analysis. However rectangular plates 
often show the positive material to flake off at the edges or be 
extremely brittle and crumbly. 

E xtraneous Active Material : Pieces of loose active material 
found pressed between the plates. These are thought to have 
crumbled off the plate edges when the cell was being assembled, 
since there are no holes or bare spots on the plate' itself. These 
pieces put pressure on the separator material and often cause a 
short circuit between the plates at that point. 

Pierced Separator : Refers to short circuits between plates, 
which may be caused by plates having rough edges, foreign material 
between the plates, a grid wire or a tab at the tab-to-plate 
connection piercing the separator and contacting the adjacent plate. 
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Excess Scoring : Indentations of the cell case which may put in- 

creased pressure on the plates and separators which may cause a short 
circuit between the case and plates. 

Positive Tab Deterioration : The positive tab, above the plates, may 
be corroded, burned and sometimes broken. The broken tab may fall 
against the case and cause a short circuit. At times the corrosion is 
such that the tab crumbles when the ceil is opened, so that its prior 
configuration cannot be determined. A burned positive tab has been 
attributed to an insufficient area of welding between the tab and the 
positive terminal, causing a high-resistance contact. 

Short Separator : Related to a burned positive tab. The separator 
material just below the burned tab has pulled back, apparently from the 
heat generated, so that the plates are exposed. Usually a short between 
adjacent plates results. 

Ceramic Short : It is a dark colored, conducting deposit which 

causes an electrical short across the ceramic insulator at the terminal, 
and is a result of silver brazing used in the cells' manufacture. It is 
determined by measuring the resistance between the insulated material 
and the cell case after the plates have been cut off the buses. Its 
presence is fairly well defined, the measured resistance being on the 
order of 20 ohms or less. 

Migration: Active material deposited on the surface of the separator, 
appearing as a uniform dark coating on the separator material. In 
severe cases of migration, the separator material may stick to the 
negative plate. In small areas the plate material may penetrate completely 
through the separator and be visible as small, dark spots on the posi- 
tive plate side, usually resulting in a high-resistance short circuit. 

Where this condition is more pronounced there are burned spots on the 
separator at the point of penetration. Migration is always by the 
negative plate material except in two very advanced cases, where there 
was also slight migration from the positive plate. Migration is accelerated 
at points of localized pressure on the separator, especially around the 
edge of the pressure area. For example in the round cells, where a 
pressure area is produced by a piece of tape covering the tab-to-plate 
connection, there is no migration at the taped area but a very dark line 
of migrated material outlines the tape's location. In addition, there 
may be brownish spots of discoloration around the edge of the tape and 
usually a small hole in the center of each spot. A similar situation, 
due to the scoring of the Sonotone 3.5 ampere-hour cell case* also 
occurs. * 


9 


WQEC/C 77-87 


Blisters: Raised areas of active material, which have pul led 

avjav from the qrid. Typically, they ranged from pinhead size to 
3/B inch in diameter, and were invariably found on the positive 
olates While blistering has not been shown to have a direct 
bearing on cell failures, it is included here because is was comnon 
in some cell types, but rare or absent in others, and because in 
at least two cases the separator was burned Slightly where blisters 
had compressed the separator material. 

Separator Deterioration: Decomposition of the separatorjiiater- 

ial/efel¥slVe^oTTisTbli burned spots. Deteriorated separator 
material, as defined here, is decidedly thinner than normal, adheres 
to the negative plate, and has lost virtually all tensile strength. 
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SECTION I 


CELLS CURRENTLY ON TEST PROGRAM 
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I. CELLS CURRENTLY ON TEST PROGRAM 

Because of the continuing effort ^ c ®^ e pi a ting P thI°silver braze 
new cells, with modifications sue a rogram f 0 r evaluation. New 

area or new type seals, are added to the I ?™9 r ^ aluat ion under new 
cells are also added to the cycle p 9 0 c or cycling during 

environmental conditions such as cyc^ li .nyt^ . i at least 60 percent 
temperature cycling. Each pack 0therw1s e by the Goddard 

0 S f pace e FlSt Maryland. 

A. General Description: 

1. Cells: 

a. The majority of the nl ^ e ^“k a g“c type! ^hey are 
use in space, or related program ™ 2 a nd covers, both terminals 

rectangular with stainless steel • sea l and protrude through 

are insulated ^om the cover by a ceramic^se electrodes are 

^esent! r thl terminal is a ^^^s^llcription’are separately 
d° e scribed n as Ce they a^encounte^ed in the following paragraphs. 

2. Charge Control Methods: 

a. As a continued effort to improve cel is^and^cel^ .^ 

wr ss-asa ^srssi. 

electrode, thermistor* v 9 re qulator and internal mechanical 

•W 1 tTelSr- sS ;,“f,Sd3S ejelin, •*> at.bi.toc char,, 
S^..S e . i»e KaoVen used in t». past. 
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B. Nickel -Cadmium Types: 

1. 6E 5.0 ah (NIMBUS), Six 5-cell Packs: 

a. Cell Description: These cells are cylindrical with 

a convex base. A threaded stud is fastened to the base to facili- 
tate heat sink mounting. The cell container and the cell cover are 
made of stainless steel. Two stainless steel tabs, welded to the 
cover, serve as the contacts for the negative terminal. The posi- 
tive terminal is insulated from the cfcll cover by a ceramic bushing 
and protrudes through the bushing with a solder tab welded to the 
terminal. Three cells have pressure transducers mounted on the 
cell to read internal pressure in pounds per square inch absolute. 
These cells were manufactured to NIMBUS specifications. Acceptance 
test results are contained in NAD Crane report QE/C 64-459. 

b. Parameters and Capacity Checks: 


Orbit 1.5-hour 


Temperature 


0° 

0° 

25° 

25° 

0 

o 

0 

O 

<3* 

Depth of Discharge 

15% 

25% 

15% 

25% 

15% 

25% 

Pack Number 

103A 

107 A* 

106A 

104B* 

11 3A 

114A* 

Precycling Capacity 

5.42 

5.21 

4.67 

5.58 

3.67 

3.83 

88 Days 

Disch #2 

5.08 

5.50 

4.00 

3.58 

2.42 

2.25 

264 Days 

Disch #2 

5.58 

5.33 

3.50 

1.75 

1.83 

F 

1.63 

440 Days 

Disch #2 

5.54 

5.42 

3.08 

2.00 


1.00 

F 

616 Days 

Disch #2 

4.75 

4.58 

3.25 

1.83 

F 



792 Days 

Disch #2 

5.08 

5.25 

3.13 

i 



968 Days 

Disch #2 

5.17 

4.46 

2.92 




1144 Days 

Disch #2 

5.08 

4.21 

2.58 




1320 Days 

Disch #2 

4.75 

4.42 

2.46 




1496 Days 

Disch #2 

4.67 

4.37 

1.21 

F 




1672 Days 

Disch #2 

4.29 

4.21 

r 





*0ne cell in each pack is equipped with a pressure transducer. 
F - Failed. 

D - Discontinued. 
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Orbi t 




1 .5- hour 



Temperature 


0° 

0° 

25° 

25° 

40° 

40° 

Depth of Discharge 

15% 

25% 

15% 

25% 

15% 

25% 

Pack Number 

103A 

107A* 

106A 

104B* 

113A 

11 4A* 

1848 Days 

Disch r2 

4.42 

1.33 





2024 Days 

Disch #2 

4.33 

3.58 





2200 Days 

Disch r2 

4.75 

2.70 





2376 Days 
2606 Days 

Disch #2 
Disch #2 

4.21 

3.96 

2.83 

D 





2782 Days 

Disch #2 

NA 






2958 Days 

Disch #2 

3.50 






3104 Days 

Disch #2 

3.60 






3351 Days 

Disch #2 

3.00 






3530 Days 

Disch #2 

3.61 






3706 Days 

Disch #2 

3.55 






*0ne cell in each pack is 
F - Failed. 

D - Discontinued. 

equipped with a 

pressure 

transducer. 



c. Test Results: 

(1) Performance on Cycling: (Figure 3) Cycling 

was started in May 1965. Pack 103A has completed 62,905 cycles 

with one cell failure on cycle 59,281. Pack 107A was discontinued in 
June 1972 at th^ rpoue J t of Goddard Space Flight Center after completing 
39,755 cycles. PacKS 106A, 104B, 113A and 114A failed on cycles 26,148; 
13,149; 4988 and 8273, respectively. 

(2) Failure Analysis: Analysis of the 14 failed cells 
(Pack 103A' s failed cell sent to GSFC) showed the major cause of failure 

to be separator deterioration and migration of the negative plate material. 
Other conditions found were high internal pressure, electrolyte leakage, 
pierced separator by the negative tab, blistering on the positive plates 
and corrosive deposits internally at the positive terminals. In addition 
to the above failures one pack of five cells was destroyed by thermal 
runaway caused by the shorting of the positive tab to the top edge of 
the negative plate. This happened because the insulating material 
wrapped around the positive tab came loose. In order to prevent a 
recurrence of this problem in the flight battery a piece of insulating 
tubing was used to cover the positive tab. 
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2. Gulton 5.0 ah (Cobalt Additive with Nylon or Poly- 
propylene Separator), Five 10-cell Packs: 

a. Cell Description: These cel Is are rectangular. 

ThP cell containers and covers are made of stainless steel. The 
positive terminal is insulated from the cell cover by a ceramic 
cpai The neaative terminal is welded to the cover. Both termi 

cover „s solder typo ter.lo.H. 

five cells contain positive plates with cobalt additive, 2b cells 
are without the cobalt additive and are designated as control cells. 

f he csl?s were divided into packs as indicated in the table below. 


Pack 

Number 


Type and Number of Cells per Pack 
Co balt-Nyl on Control -Nyl on Coba Vfc -PI PI l 


Control -PP1 
(FT 2140) 


21 E 
45E 
69C 
9H 
33D 


5 

(cells 1 to 5) 

2 

(cells 1 & 2) 

5 

(cells 1 to 5 

5 5 

(cells 1 to 5) (cells 6 to 10) 


(cells 1 to 5) (cells 6 to 10) 


5 

(cells 6-10) 

2 3 3 

(cells 6 & 7) (cells 3 to 5) (cells 8 to 10) 

5 

(cells 6 to 10) 
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b. Parameters and Capacity Checks: 


Orbit Period 



1.5-hour 


Temperature 

0° 

25° 

25° 

o 

O 

<3* 

0 

o 

Depth of Discharge 

25% 

25% 

40% 

25% 

40% 

Pack Number 

21 E 

45E 

69C 

9H 

33D 

Precycling Capacity 

4.83 

5.70 

5.70 

3.33 

3.30 

88 Days 

5.08 

2.75 

3.52 

2.38 

3.92 

F 

264 Days 

5.08 

2.93 

3.08 

3.50 


440 Days 

5.00 

2.80 

4.72 

2.88 


616 Days 

5.08 

3.00 

3.07 

2.63 


792 Days 

NA 

NA 

NA 

NA 

D 


983 Days 

5.10 

3.63 

2.27 

D 


1170 Days 

5.53 

2.78 



1350 Days 

4.71 

1.75 




1527 Days 

4.87 

1.31 




1705 Days 

4.39 

3.07 




1882 Days 

3.61 

2.53 

D 





c. Test Results: 

(1) performance on Cycling: (Figure 4) Cycling was 

darted in June 1970. Pack 21 E has completed 32 » 7 J 4 .^ 1 ®* f| w li h 2^ 
cell failure. Packs 33D and 45E rai/led on cycles 4523 and 30,225, 
-spectively. Packs 69C and 9H were discontinued because of low 
opacity after 16,196 cycles and 16,098 cycles, respectively, with 
ack 9H having six cell failures and pack 69C, eight cell failures, 
he following table indicates the cycle number that the celis either 
ailed or were discontinued on. 


Pack 

1 

2 

3 

4 

5 

45E 

16521 

D 

26813 

F 

16521 

D 

30225 

D 

30225 

F 

69C 

14116 

F 

13174 

F 

13200 

F 

16196 

D 

16196 

D 

9H 

16098 

n 

16098 

D 

14363 

F 

13067 

F 

16098 

F 


6 7 8 9 10 

17221 23600 24578 29909 21527 

F F F F F 

9395 9714 11432 9195 10589 

F F F F F 

10970 11739 16098 15681 16098 

F F D F D 


$ 



F - Failure 
D - Discontinued 
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(2) Failure Analysis: One cell from 69C, three cells 
from 45E, and two cells from 9H were analyzed for carbonates following 
their discontinuation or failure. . The othercells from packs 9H, 33D 
and 69C were returned to NASA Lewis. The failed cel Is seven from p 
45E had pitting of the positive plates, severe migration ^as Present in 
the PPL type cells and separator deterioration (one cell shorted) in the 
nylon separator type cells. The results of the carbonate analysis were 
tabulated as follows: 



AVERAGE 

69C 

SN 1874 

ANALYSIS OF EXTRACTED ELECTROLYTE 
45E 45 E 45E 9H 

SN 1875 SN 1890 SN 1892 SN 1880 

9H 

SN 1913 

Cell No. 

5 

1 

3 

5 

1 

10 

Total 

meq K 2 CO 3 * 

85.17 

73.74 

82.59 

96.13 

77.21 

74.21 

Total 
meq KOH 

59.39 

68.91 

58.09 

61.23 

62.23 

63.29 


AVERAGE ANALYSIS OF EXTRACTED SEPARATOR PATCHES 
69C 45E 45E 45E 9H 9H 

SN 1874 SN 1875 SN 1890 SN 1892 SN 1880 SN 1913 


Cell No. 

5 

1 

3 

5 

1 

10 

Wet Wt„** 

0.2099 

0.4194 

0.8360 

0.7316 

0.7795 

0.4780 

Dry Wt.** 

0.0894 

0.1435 

0.5936 

0.6340 

0.5768 

0.3904 

cc Sample 

0.737 

1.153 

1.039 

1.1090 

1.020 

1.176 

meq K 2 CO 3 *** 

0.4332 

0.7049 

0.6263 

0.5760 

0.8259 

0.3503 

meq KOH*** 

0.1498 

0.3992 

0.4261 

Q.2350 

0.4844 

0.1592 


*meq is the abbreviation of mi Hi equivalent. 

**Wet weight is determined immediately following removal from the cell 
case and prior to leaching in water overnight; dry weight is determined 
following titration and air drying overnight. . , n 

***The separator patch data is an average of four patches sampleo. One 
from the first third of the plate stack, two from the middle, and one 
from the last third. 
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3' EP 6.0 ah (Separator Evaluation), 11 Packs: 

r ,, a - Description: See Paragraph I. A., paqe 12 

11s were manufactured for NASA, GSFC, according to GSFC's sDecifira. 

U >h r NA ? A contract number NAS-5-1 7806. P They 
c ? lls Wlth auxiliary electrodes; but the electrodes 
?hL n0t be ] n 9 evaluated, therefore no test data is being taken on 
nrnnvi n0r 1S ^u 1 " 6 an auxi ’ 11ar y electrode resistor. Ny?on and poly- 

these cellf 6 °\ P arator material "ng evaluated iS * 

s * Initl al evaluation test results and detailed cell 

for Pack 1 9?! 31-6 COntained in NAD Crane Re P 0l "t WQEC/C 75-32 except 


b. Parameters and Capacity Checks: 
0rfaitPeri ° d 1.5-hour 


Temperature (°C) 


Depth of Discharge 

(%) 




Type of Separator* 

0) 

(2) 

(3) 

(4) 

Pack Number 

9L 

9M 

9K 

90 

Precycling Capacity 

5.1 

5.6 

5.2 

5.7 

2000 Cycles 

2.1 

1.5 

2.0 

1.4 

4000 Cycles 

2.2 

1.7 

1.4 

1.9 

6000 Cycles 

4.1 

1.7 

2.1 

D 


D 

D 

D 

8000 Cycles 





10000 Cycles 






c. Test Results: 


25° 

25% 


(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(ID 

9P 

9Q 

9J 

9R 

9F 

9$ 

9T 

6.6 

7.0 

6.3 

7.5 

7.4 

6.6 

6.3 

5.3 

2.5 

2.2 

5.8 

4.8 

3.2 

3.1 

5.0 

3.0 

2.5 

4.9 

4.7 

4.0 

D 

4.3 

5.4 

2.5 

4.4 

4.7 

2.9 


D 

D 

D 

D 





4.1 2.9 

4.3 3.1 


. . fj) Performance on Cycling: (Fiqures 6 thronnh 

,s ' 4 ;”5> W si). 

other packs exrpnt qp an/oc^ 6 P ^ ow capacity, respectively. All the 
test at 6000 cycles becaus^GS^ capacity 

required, at that time of fhn^ PPPP a11 the ^formation they 
the following cycles: * yp separators. The packs have completed 


*0) Grace, 3073, pp. 

(2) Grace, 3073-35, pp. 

(3) Grace, 3074-18, pp. 

(4) Grace, 1972-31W, pp. 

(5) Grace, 3073-32W, pp. 



RAI, WEX 1242, pp. 
Hercules, 2711-55, pp. 
Canadian, WEX-ISIS, pp. 
Pell on, 2505 (control), 
Grace , ^ Extracted , nyl on 
Potassium Titanate 


nylon 
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WQEC/C 77-87 

Pack Number 9L 9M 9K 90 9P 9Q 9J 9R 9F 9S 9T 

Cycle Completed 6391 6386 6270 4001 6332 6091 6167 6139 10530 10476 2004 
DDDDDDDD D 

D - Discontinued. 

The voltage limit is 1.42 v/c for all packs except 90 ami 9Q, in which 
high pressure necessitated a change to 1.40 and 1.41 v/c after completion 
of 103 and 617 cycles respectively. 

(2) Failure Analysis: The five failed cells, from Packs 
9K, 9M and 90, had severe migration, uncoined positive plates, loosened 
active material, and weak tabs. The separators of the four failed cells 
of Pack 9T were like a white paste, in which the compression of the plate 
stack would allow the inside edges of the plates to short out. Visual 
analysis of the cells, following extractor analysis, showed excessive 
migration in which the separator stuck to the negative plates; except for 
packs 9Q, 9R and 9P, in which the separator was extremely darkened. 

(3) One cell, with each type separator material, was 
subjected to chemical analysis following initial evaluation testing. 

Also, a cell was removed from each pack for analysis at 2000-cycle 
intervals. The following table shows the results of the chemical 
analysis of extracted electrolyte (soxhlet) from individual cell 
stacks, and from sample patches of the separator material: 


WQEC/C 77-87 


Pack 

Number 

Cycles 

Completed 

Total meq** 
K0H per 
extract (avg) 

Total meq 
K 2 CO 3 per 
extract (avg) 

9L 

3 

127.419 

70.423 

9L 

2023 

124.879 

69.513 

9L 

4002 

104.547 

83.412 

9L 

6351 

110.711 

98.309 

9M 

3 

145.209 

68.342 

9M 

2007 

67.489 

35.672 

9M 

4021 

69.294 

50.498 

9M 

6386 

119.347 

79.283 

9K 

3 

161.019 

64.582 

9K 

2008 

169.442 

59.453 

9K 

4001 

164.605 

55.115 

9K 

6270 

155.125 

68.829 

90 

3 

138.026 

79.822 

90 

2012 

143.896 

64.418 

90 

4001 

140.540 

58.312 

9P 

0 

128 5*7 

q?.R40 

9P 

2018 

112.471 

70.364 

9P 

4005 

99.722 

73.467 

9P 

6332 

110.743 

72.790 

9Q 

3 

133.428 

82.369 

9Q 

1997 

118.318 

67.816 

9Q 

4019 

112.805 

57.779 

9Q 

6091 

104.737 

69.868 

9J 

3 

127.419 

70.423 

9J 

2003 

143.897 

90.225 


Meq K0H 
per 

Separator 

patch*** 

Meq K 2 CO 3 
per 

Separator 

patch 

Total 

Volume (cc) 
per patch 

Wet 

Weight 

(g)**** 

Dry 

Weight 

(g)**** 

1.536 

1.185 

0.7070 

0.6060 

0.1923 

1.516 

1 .169 

0.7069 

0.6060 

0.1923 

0.830 

0.966 

0.7661 

0.4720 

0.1925 

0.965 

1.264 

0.8538 

0.6239 

0.2700 

1.392 

0.998 

0.4890 

0.4892 

0.1210 

1.214 

0.784 

0.5545 

0.4533 

0.1299 

1.231 

0.709 

0.5007 

0.4126 

0.1253 

0.875 

0 893 

0.6251 

0.3763 

0.1366 

1.973 

0.992 

0.6270 

0.5461 

0.1000 

1.520 

0.625 

0.0853 

0.5488 

0.2959 

0.769 

0.381 

0.6788 

0.3930 

0.2237 

1.003 

0.864 

0.6870 

0.4018 

0.1265 

1.383 

0.994 

0.9030 

0.6301 

0.2872 

1.266 

0.515 

0.8813 

0.4393 

0.2537 

1.142 

0.676 

0.9580 

0.5959 

0.2979 

1.109 

1.743 

0.8857 

0.5733 

0.1717 

1.168 

0.967 

0.8517 

0.5245 

0.1853 

1 .037 

1 .198 

0.8158 

0.5814 

0.2025 

0.610 

0.6747 

0.7895 

0.3852 

0.1950 

0.930 

1.4"7 

0.7283 

0.5577 

0.2342 

0.873 

0.729 

0.9131 

0.5325 

0.2556 

0.325 

0.330 

0.7416 

0.3522 

0.2594 

0.396 

0.580 

1.0299 

0.4115 

0.2656 

1.536 

1.185 

0.7070 

0.6060 

0.1923 

1.439 

0.902 

0.8235 

0.5300 

0.1667 
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WQEC/C 77-87 


Pack 

[lumber 

Cycles 

Completed 

Total meq** 
KOH per 
extract (avg) 

Total meq 
K 2 CO 3 per 
extract (avg) 

Meq KOH 
per 

Separator 

patch*** 

Meq K 2 CO 3 
per 

Separator 

patch 

Total 

Volume (cc) 
per patch 

Met 

Weight 
(g )***"* 

Dry 

Weight 

(g)**** 

9J 

4001 

124.675 

77.137 

0.860 

0.802 

NA 

0.4749 

0.2103 

9J 

6167 

123.503 

83.049 

0.915 

1.023 

1.1137 

0.7052 

0.4008 

9R 

3 

99.863 

46.044 

1.222 

0.447 

1.4489 

0.5003 

0.2520 

9R 

1995 

112.700 

48.673 

1.973 

1.659 

1.0179 

0.8314 

0.2435 

9R 

4014 

97.828 

61.508 

0.238 

0.283 

1.1652 

0.3966 

0.3011 

9R 

6139 

86.199 

68.050 

0.299 

0.502 

0.9018 

0.4507 

0.3215 

9F 

3 

131.970 

55.730 

1.975 

0.580 

1.2840 

0.6362 

0.2205 

9F 

1994 

112.242 

58.146 

0.257 

0.346 

0.9729 

0.3304 

0.2472 

9F 

4002 

88.237 

55.292 

1.000 

0.924 

1.21 51 

0.6711 

0.3046 

9F 

6177 

106.360 

73.699 

0.965 

1.312 

1.2026 

0.7112 

0.3085 

9F 

8001 

76.233 

59.400 

0.359 

0.692 

1.9289 

0.4495 

0.2503 

9F 

10044 

113.579 

67.737 

1.1385 

0.864 

1.5614 

0.7722 

0.4108 

9S 

3 

155.527 

75.014 

1.363 

0.768 

0.9895 

0.9294 

0.2641 

9S 

1995 

109.988 

75.133 

0.803 

0.770 

1.3470 

0.4878 

0.2254 

9S 

4011 

92.796 

76.664 

0.974 

1.456 

1.3537 

0.7822 

0.3394 

9S 

6129 

1 02.237 

96.296 

0.9000 

1.5636 

1.3367 

0.7937 

P.4000 

9S 

8002 

103.800 

93.067 

0.8053 

1.0626 

NA 

0.5451 

0.2280 

9S 

10020 

104.061 

84.419 

0.7346 

1.2895 

1 .2040 

0.6500 

0.3478 

91 

3 

133.860 

71.296 

1.349 

1.168 

k 

0.6478 

0.2863 

9T 

630 

* 

* 

★ 

★ 

k 

★ 

k 

9T 

2004 

111.118 

79.150 

1.122 

1.372 

k 

★ 

k 


*could not obtain measureable data. 

**meq Is the abbreviation of milliequivalents. 

***The separator patch data Is an average of four patches sampled. One from the first third of the plate 
stack, two from the center, and one from the last third. 

****Wet weight Is determined immediately following removal from the cell case and prior to leaching in water 
overnight^ dry weight is determined following titration and air drying overnight. 

NA - not available. 
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4. General Electric 6.0 ah (AE-C and D, Atmospheric 
Explorer, C and D), three 5-cell Packs: 

a. Cell Description: These cells are rectangular, the 

containers and covers are made of stainless steel, and the terminals 
are insulated from the cell cover by double ceramic seals and protrude 
through the cover as solder-type terminals. The auxiliary electrode 
is a teflon-coated, sintered, nickel plaque located along one side 

of the narrow edge of the cell. Physical dimensions are 1.25 inches 
by 0.065 inch and has a bag-type enclosure of pellon 2506K4 nylon 
material. Five cells are identified by RCA lot number 19722-94-1 
and the seven auxiliary electrode cells have the RCA lot number 
19722-94-2. The cells were purchased, by RCA under contract number 
G6F015-0204-00-F23. The remaining three cells were purchased by 
GSFC under contract number NAS 5-18495, and were identified by 
General Electric catalog number 42B006AB37-64. Initial evaluation 
test results and detailed cell descriptions are contained in NAD 
Crane Report QEEL/C 74-1. 

b. Parameters and Capacity Checks: 

Orbit Period* 2.16-hours 


Temperature 

10° 

ro 

o 

0 

0° 

Depth of Discharge* 

20.3% 

20.3% 

20.3% 

Trip Voltage (mv) 

.53V 

.56 V 

.48 V 

Auxiliary Electrode 
Resistor (ohms) 

2000 

2000 

2000 

Pack Number 

2F 

2G 

2H 

Precycling Capacity 

7.00 

7.29 

6.79 

120 Days 

5.81 

7.01 

5.52 

230 Days 

6.11 

u. 82 

7.14 

450 Days 

6.49 

7.03 

7.18 

547 Days 

6.31 

6.86 

6.77 

730 Days 

6.33 

6.60 

6.82 


*0rbit period 1.5 hour after 2970 cycles with 15. 8% DOD 
and then 20% DOD after 5800 cycles. Packs on voltage 
limit control after 8800 cycles. 

c. Test Results: 

(1) Performance on Cycling: (Figures 15 through 17) 

Cycling was started in December 1973 and packs 2F, 2G and 2H have 
completed 13,681, 13,512 and 13,387 cycles respectively, without a 
cell failure. 
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NOTE: Orbit period changed to 1.5 hours with 1E.8S DOD after 2989 cycles; 20X DOD after 5907 
cycles; voltage limit control after 8800 cycles. 
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NOTE: 


Orbit period changed to 1.5 hours with 15.8% after 3049 cycles; 202 DOD after 6025 cycles; 
and voltage limit control after 8800 cycles. 
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5. GE t 6.0 ah (Nickel-Braze) , Eight 5-cell Packs: 


a. 


nf all nirt-oi j • ue script ion: The cell case fits the description 

sea a a 6 i f 3lnleSS S ! eel cases ' The ceramic- to-metal 

seal has an all nickel braze construction to eliminate ceramic 

rnn+^ n 9 through silver migration. Acceptance test results are 
contained in NAD Crane report QE/C 71-45 results are 



b. Parameters and Capacity Checks: 





Orbit Period (Hr) 

1.5 1.5 

1.5 

1.5 




Temperature 


-20° 0° 

20° 

40° 




Depth of Discharge 

25% 25% 

25% 

25% 




Pack Number 


81 B 92B 

95B 

106B 




88 Days 


2.46 6.90 

6.99 

2.25 




264 Days 


2.61 4.71 

6.78 

2.34 




440 Days 


3.40 7.75 

6.78 

3.30 




555 Days 


NA NA 

NA 

F 




724 Days 


3.00 7.00 

6.02 





906 Days 


2.85 7.89 

D 

7.75 

4.49 





1 140 Days 


2.63 





1320 Days 


5.72 

3.10 





1500 Days 


6.74 

2.83 





1672 Days 


5.40 

2.43 





1848 Days 



3.13 




Orbit 

Period 

(Hrs) 

c 24 

e 
1 
1 

-20°** 

n 


24 

24 


24 


Temp. 


0° 

20° 


40° 


Depth 

of 

u 60% 

m 


60% 

60% 


60% 


Disch. 

b 







Pack# 

e 

r 75E 


1238 

109B 


91 B 


Cutoff 

Voltage 

1.0 0.5 0.0 

1.0 

0.5 0.0 l. 

0 0.5 

0,0 1.0 

0.5 

0.0 

Cap.Ck. 








1 yr. 

1 7.44 8.16 8.22 

5.70 

7.02 7.44 6. 

36 7.32 

7.80 3.18 

4.44 

4.98 

1 yr, 
6 mo. 

2 6.06 6.54 6.66 

6.30 

7.44 7.86 5. 

88 7.08 

7.43 3.30 4.50 

5.04 

4 5.82 6.72 6,84 

5.04 

6.96 7.38 4.86 5.82 

6.12 3.18 4.20 

4 56 


5 7.02 7.68 7.74 

4.74 

5.64 5.88 4. 

20 5.04 

5.22 3.72 

4.98 

5.52 
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Cap.Ck. 
2yrs. 1 

— 

— 7.99 

— 

— 7.92 

— 

— 6.63 NA 

2 

__ 

— 6.68 

— 

— 7.92 

— 

~ 6.36 — 

2yr*, 1 

4.79 

— 8.51 

5.76 

— 8.96 

— 

— 8.19 

6 mo. 

2 


— 7.46 

— 

— 8.76 

4.75 

— 8.00 

3yrs. 4 

5.41 

- 7.57 

— 

— 5.78 

— 

— 8.68 

5 

.. — 

— 8.10 

4.28 

— 5.58 

5.10 

6.53 

3yrs. 1 


— 1.8 

4.31 

8.37 8.58 

— 

6.22 6.56 

6 mo. 

2 

4.65 

7.14 7.16 

— 

8.89 8.98 

3.65 

6.25 6.66 

4yrs. 1 


— 1.3 

4.98 

8.84 9.09 

— 

6.57 6.91 

2 

4.92 

7.11 7.34 

-- 

8.90 9.11 

3.80 

6.31 6.69 

4yrs. 1 

— 

— .81 

— 

6.56 6.75 

4.08 

8.31 8.63 

6 mo. 

2 

4.03 

6.42 6.66 

3.66 

6.10 6.37 


8.51 8.68 

5yrs. 1 

— 

— 2.91 

— 

6.77 6.97 

3.38 

9.03 9.33 


rell Number in 0.0 column total ampere-hours. 

**Temperature change to 10°C after 270 cycles. 

c. Test Results: 

in « = Y,,r aWK s 

Cycling was started in March 1 * respectively, with two cell 

have completed 29,194 ^0,073 cy 1 P fai1ure> pack was dis- 

fai lures in pack 92B. Pack 81 B nao one fa11ed on cycle 7538. Also, 

has completed'' 1*928 . 

allowed to cycle even though it revers aur ^ 24-hour orbit 

S^TB^r^bU) was 

on cycle 792. These P ac ks had two cell capacity cne ^ 

two C different°cel Is were capacityWked to^same cut-of^levels. ^ 

kiss; 

the effect of the capacity check itself since two o^ 
capaHtPThecked at six-month interval s--thus tne neeu 
different formats of the previous tabulation. 
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(2) Failure Analysis: Cell from pack 818 failed because 

gauge assembly was accidentally broke at bottom 

side of their positive plates that were uncoined and small blisters were 
seen at the top of the plates. ’ •,*, 

(3) Results of chemical analysis of extracted 
electrolyte are as shown: 


Pack Number 

75E 

109B 

123B 

Cycles 

1097 

1087 

1085 

Serial Number 

042 

048 

031 

Total meq* KOH/ 
extract (avg) 

79.623 

85.489 

85.318 

Total meq K 2 CO 3 / 
extract (avg) 

62.880 

45.352 

60.221 

meq KOH/ 

separator patch** 

.250 

.260 

.240 

Total volume (cc)/ .7150 

patch 

.9513 

1.0020 

Wet weight (g)*** 

.2997 

.2881 

.3229 

Dry weight (g)*** 

.1956 

.1736 

.1883 


*mea is the abbreviation of mill iequivalents. 

**The separator patch data is an average of four patches sample . 
One from the first third of the plate stack, two from the center, and 

***Wet weight is determined immediately following removal from the 
cell case and prior to leaching in water overnight; dry weight is 
determined following titration and air drying overnight. 
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6 . 


General Electric 6.0 ah (ITUS), One 5-cell Pack: 


The 


a Cell Description: See paragraph I. A. , 

»ns “"“""SgS'.S'SIrS ?“ IXSt’S Ss *» tto>. 
p^c^edTy RCA under w ^| tial 

in NAVWPNSUPPCEN Crane Report WQEC/C /b-it>4. 

b. Parameters and Capacity Checks. 


Orbit Period 

1.92-hours 

Temperature (°C) 

20° 

Depth of Discharge {%) 

29.6 

pack Number 

7D 

Precycling Capacity 

8.0 

7.6 Months 

8.04 

13.6 Months 

7.84 


(~\) Performance on Cycling: (Figure 23) 

sssvss. w i» «i«»* . »n 

failure. 


WQEC/C 77-87 

(2) Results of «»' *”*'»='= » f “ tr “ l ' d 6l “' r " 
lyte are as shown: 


Pack Number 
Cycles 

Serial Number 

Total meq** KOH/ 
extract (avg) 

Total meq K2CO3/ 
extract (avg) 

meq KOi y natrh *** 

separator paten 

meq K2CO3/ 

separator paten 

Total volume (cc) 
per patch 

Wet weight (g)**** 
Dry weight (g)**** 


7D 

7 

130-101 


8 

1.3146 

.3967 


.4864 

.1921 
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2 . WQEC/C 77-87 


- . 

1 . Gulton 6.0 ah (Nickel 

-Cadmium), Two 5 

-cell Packs: 


a. Cell Description: 

See paragraph 

I. A. , page 12. 


b. Test Parameters: 



Pack 

Number 

: Percent 

Test Depth of 

Temperature Discharge 

Trip 

Voltage Level 
(Millivolts) 

Auxiliary 
Electrode 
Resistors (Ohms) 

58D 

* 25 

170 

6.8 

36D 

* 15 

170 

6.8 


* These cells were in an ambient temperature which varied sinusoi- 
dally from 0° to 40° C within a period of 48 hours until 3-1-71; 
at which time the test temperature was changed to 20° C and the 
packs placed under a voltage limit control. 


c. Capacity Checks: 


. i 

Pack Number 

36D 

58 D 

Pre-Cycling 

7.56 

6 . 05 

2 years 

6.80 

5.64 

3 years 

5.55 

3.40 

4 years 

4.00 

3.26 

5 years 

2.91 

2.19 

6 years 

3.10 

1.90 

7 years 

1.75 

1.12 (Following last cell failure) 


d. Test Results: 

(1) Performance on Cycling: (Figures 24 and 25) 

Cycling was started in January 1969. Pack 36D has completed 41,471 
cycles with one cell failure on cycle 35,050. Pack 58D has completed 
41,756 cycles and all the cells have failed. When these cells failed, 
they were allowed to remain in the circuit until they shorted. Only 
one cell, last one that failed, is still cycling and it now reverses 
to -.070 volts at the beginning of each discharge. Pack 58D had cell 
failures occur on cycles 21,569, 37,726, 38,241 and 40,393. One cell, 
also was removed from each pack after approximately 2 years of cycling 
and sent to Goddard Space Flight Center. These packs are being cycled 
without interruption for capacity check. The cycle life results will 
later be compared to packs that receive capacity checks every 88 days. 
Capacity checks are run at the cycle rate to 0.5 volt, first cell. 

(2) Failure Analysis: Analysis of the two failed 

cells showed that extreme separator deterioration took place and small 
blisters were located at the top and bottom of the positive plates. 
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8. GE 8.0 ah (SAS-C), Two 10-cell Packs: 

a. Cell Description: See Paragraph I. A., page 12. 

The cells were procured by the Applied Physics Laboratory (APL) to 
APL specification 721 7-901 4-A. Pack 18E contains eight cells, with 
standard plates and no auxiliary electrodes, which were identified 
by the manufacturer’s part number 42B008AB09-G3; and two cells with 
standard plates, auxiliary electrodes, and pressure gauges had the 
part number 42B008ABG6-G4. Pack 18F contains 10 cells which have 
teflon-covered negative plates in which two cells (part number 
42B008AB0S-G4) have auxiliary electrodes and pressure gauges and 
the remaining cells (part number 42B008AB07-G3) do not. The 
auxiliary electrode is a teflon-coated, sintered, nickel plaque 
located along one side of the narrow edge of the cell. Initial 
evaluation test results and detailed cell descriptions are contained 
in NAD, Crane Report QEEL/C 74-252. 


b. Parameters and Capacity Checks: 


Orbit Period 

1.5-hours 


Temperature (°C) 

20° 


Depth of Discharge (&) 

25 


Auxi 1 iary F.1 ectrode 
Resistor (ohms) 

300 


Pack Number 

18E 

18F 

Precycling Capacity 

9.6 (ceil 1) 

10.7 (cell 1) 

6 months 
(cells 9 & 10) 

8.6 (cells 9 &10) 

10.5 (cell 9) 

12 months 
(cells 7 & 3) 

8.7 (cell 7) 

10.0 (cell 7) 

18 months 
(cells 5 & 6) 

8.7 (cell 5) 

9.7 (cell 6) 

24 months 
(cells 3 & 4) 

9.2 (cell 4) 

9.9 (cell 4) 


c, Test Results: 

(1) Performance on Cycling: (Figures 26 and 27) 

Cycling began in March 1974. Packs 18E ar.i 18F have completed 13,912 
and 13,948 cycles respectively without i. cell failure. 
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9 . Quit on 9.0 ah (SAS-C), one 10-cell Pack: 

’ - ' a . Cell Description: See Paragraph I. A., page IP. 

Ihe cells were procured by the Applied Physics Laboratory (API. 
to APL specification 701/-9014-A. Pack 1SG contains eight cells, 
with no auxiliary electrodes, which were identified by the manu- 
facturer’s part number 805051; and two ceils with auxiliary elec- 
t nodes, hail the part number 8D505A. These cells are trom the 
same lot of cells that are be mg Hewn in the satellite which w..s 
launched in May 197b. The auxiliary electrode is turnon s ^andai.d 
adhvdrode (0-toUl). Initial evaluation test results and detain d 
cell descriptions are contained in NAVWPNSUrPCEM, Crane Report 
WQEC/C 7ii-lbi>. 

i). Parameters and Capacity Chocks: 


Orbit Period 

Temperature (‘Y; 

LVptn oi ui saharao ( ) 

Auxi i iary i 1 ectroue 
Resistor voiiui) 

Pack Number 

Procyclical Capacity 

1 3 A Days 

(cells u A & 3) 


I .b- hours 


11.4 
1 1 .1 (Cell A) 


150 Days i 1.1 (Ceil 3) 

(cells 3, 4 & 5 0 A7"C) 


UL 1 (Cell 5) 


1 year 

(cells 7 & 8) 


8. A (Cell 8) 


(1) Performance on Cycling: (figure .-»>) 

Cvclinq began in April 1*75. The pack's voltage limit was lowered 
and the pack was placed in a test temperature of P/a' tor m cycles . 
as requested by the G$KC*s Technical Officer . This pack lias completed 
8139 cycles without a cell failure. 
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WQEC/C 77-87 

10. GE* ** 12.0 ah (IUE), Two 5-cell and One 4-cell Pack: 

a. Cell Description: See Paragraph I. A., page 12. 

The cells were manufactured for NASA, GSFC, Under NASA contract 
number NAS-5-23153 according to the Manufacturing Control Document 
(MCD) 232A2222AA-54, Revision 4, and the GSFC's specification 
number S-761-P-6. Each cell has teflonated, negative electrodes 
(TFE-II) and a 10 percent reduction in their positive plate loading. 

The electrodes were teflonated prior to the electrochemical cleaning 
test (ECT). Cells without auxiliary electrodes have catalog number 
42B012AB20-G3 and those with auxiliary electrodes have the catalog 
number 42B012AB21-G3 or 42B012AB21-G3-A, indicating two different 
designs. Each pack contains cells of each catalog number. The ceramic- 
to-metal seal has an all nickel braze construction. Initial evaluation 
test results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 74-511. 


b. Parameters and Capacity Checks: 


Orbit 


24 -hours 


Temperature (°C) 

0° 

10° 

20° 

Depth of Discharge (f.;) 

50 

50 

50 

Auxiliary Electrode 
Resistor (ohms) 

300 

300 

300 

Pack Number 

8C 

8D 

8E* 

Precycling Capacity * 

14.1 

0.4) 

14.4 

a) 

14.7 

(4) 

18 Months 
(cells 4 & 5) 

14.2 

(4) 

13.1 

(4,5) 

11.4 

(3,4) 


30 Months 
(cells 4 & 5) 


*0nly four cells, cell 4 is noted as cell 5 in capacity schedule 
only. 

**Number in parenthesis indicates limiting cell on discharge, 
c. Test Results; 

(1) Performance on Cycling: (Figures 29 through 31) 

Cycling began in October 1974. Packs 8C, 8D and 8E have completed 
705, 722 and 687 cycles without a cell failure. The auxiliary control 
trip voltage was changed from .30 to .15 volts after 14 months of 
cycling in order to reduce the percent of recharge. 
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11. GE 12.0 ah (IUE), Three 5-cell Packs: 

a. Cell Description: See paragraph I. A., page 12. The 

ceils were manufactured for NASA, GSFC, under NASA contract number 
M/XS-5-T 9584 according to the Manufacturing Control Document (MCD) 
232A2222AA-54 and the GSFC' s specification number S-761-P-6. The 
production of the cells for the I.U.E. Program represents the second 
generation of cells manufactured with the specific objective of 
reducing the active material loading. As a result, several key cel | 
design parameters were incorporated into the production. Details or 
cell design, construction, manufacturing and performance during accept- 
ance testing by the manufacturer are summarized and reported in GSF.u 
Report X— 711 —16—18 of January 1976. The cells were identified by ^ 
the manufacturer's catalog number 42B012AB21 -G2. Each pack contains 
two cells (3 & 5) with auxiliary electrodes although only one pack 
(8H) is using the electrodes as a charge control . The ceramic~to -metal 
seal has an all nickel braze construction. Initial evaluation test 
results are contained in NAVWPNSUPPCEN Crane Report VIQEC/C 7689 of 
1 5 March 1976. 


Parameters and Capacity Checks: 



Orbit ( (Hrs. ) 

1.5 

1.5 

24.0 

Temperature (°C) 

20 

0 

20 

Depth of Discharge (t) 

25 

40 

50 

Auxiliary Electrode 
Resistor (ohms) 

300 

300 

300 

Pack Number 

8F 

SG 

8H 

Precycling Capacity* 

14.0(5) 

12.6(1,3,4) 

13.2(4) 

6 Months 

15.7 

13.0 

15.8 


(Cell 5} 

12 Months 
(Cells 4 & 5) 

^Number in parenthesis indicates limiting cell on discharge, 
c. Test Results: 

,(1) Performance on Cycling: (Figures 32 through 34) 

Cycling began in March 1976. Packs 8F, 8G and 8H have completed 3,643, 
3,792 and 232 cycles respectively without a cell failure. 


61 


CJ 


• **r 


V t, v l ..i Ft \ lit'.i 

tv a i ! .h.j f . « . : vr • • - .i 

i t'ii r . ? 

r ‘ I '■* r-' -i-* 

X- I j r I " 

fli.LSi'irt 1 M« 



4 5 4 - 

- •» 4 4 4 4 5 4 4 4 4 4 5 4 5 4 5 

4455545555454 



1 .>71 - 


- 



1.>M-. 


— 



* 


'• ' - 



1 


— 



1 . " 3 ! - . . * . . . . 

. 

- 



i . >? i~ 


— 



i .>n- 


- 



1 .>01- 


— 



1 . 1 '■» I - 

• • 

- 



1 . T “1- 

• 

. 

P 

V 

1.171- 

• • l > 

• * > — 

E 

0 

1.1M- 


■«.* » • • • » ..—130 

R 

L 

1.141- 


..... . .-127 

C 

T 

1-1*1- 


.... -124 

E 


1.131- 


-121 

N 


1.121- 


-119 

T 


1.111- x 

7 

-116 



1.1-1- 1 * 1 

MHM/.XX/X/XX XX XXX X X XX 

xxxxxxxxxx-1 11 

R 


1 . T C, J - X X X t 1 1 

X XX X X XX X XX 

XXXXXXXXXXXXXXXX -111 

E 


1 . ' * 1-/ X XX 1 


-108 

C 


) .r. 71- xxx 


-105 

H 


i. «M- 


-103 

A 


1 .osl- 


' -100 

R 


1 .041- 


- 97 

G 


1 .»31- 


- 94 

E 


].A<*7- 

1 “ 

1 .^n- - 

1.6.3?- n y r r t < • vy yyy \r f r y yy y yyYYYYY 

1 , u? f i — Y 7 Y Y Y Y Y V < * YYYYYYY Yy YYYY 1* YYYYYYYYYYYYYYYYYYYYYYYY- 

1 , <* 25 .- ! 
l.«*?l- 
1 . - 1 /- 
1 «**!<*■— 

— 1 - 1 - 1 - > - T - 3 - -1-5 - 1-1- J-i-I- I -1-1-1- 1-1- l-l-l-l-l-l-l - 1-1-1- J-l-1- 
1 ?>' «- T., <S l?r.' 1*7 17? 144 ??? 247 275 1?0 

5 Jn ‘ 7 / 1 Vs no 155 1 207 257 .10? 327 

i v s - 7 m 7 n? i J 7 142 i if ?i 5 ?u‘i Phi ii? 3 fr« 

, V.- •> s - MUI.TIPLF 5 *»F 10 
f- 32 


&.* 



MACK UK MASF . 

f iUH I r iH'HlOP HOURS 

TfMi*. nrowFf -4 c. 

C.HAwrjh PATr. AMPS 
PtHTH t) F 01 SCHARGE > 


WQEC/C 77-3/ 

r, i 12,0 ah 

01.4 

20 

G.O 

25 


“ - 1 
o J. < 


- t •? 

i ^ a 


•rssssi. 


i i*.t£Cit^i- au.ox<iCu- 

; r,' 1 aft.\--«cc cr- 

t ■«( ii *»*i 1 TT 1 T 1 * iiiiii* » 


, ? c ^ 

« t a. i .. 

i C ►- «-? rt 


III! 

till 


r t i i f. t .f i i 

>4. « <T « i W C <1 » 


I I i I t I I I I i I i < 

«l' «C ^ » *1 X >T si.' sT ss. S S s 

1. — IT ;* X >• S*. a - >? •'V — 1 *- 

_ _ - - - - - - — r C' 


I ! l » f l I 

sc r*- u' a. ci .r —* 
c. ,; * .r w* x. .1 i 

_• -t .« 


>i » »’ £ t -i' 


r 


v 

0 

L 

T 


W |i ' / f - //• 


AyF * ' 

' ■» n t , 

« a 

Tr.r- 


UA( v 

-M 

»*ANF 

. NF 

--Ml 

i ■( • 'ip 

Aw 



'.►•Mf r 

P» w 

• HYiUK', 

?4.' 

— F_.J' 

1 iF Ui ■ 


1 • *- 


Ft M»» 4 

UF »’• F ‘ 

i '' . 

?< 

•— F-/ 

f»F Cm A 




( mAI'IjF 

pATf 

AMPS 

1 

!3f . 

•t^NT 4F 

r Mft- 



IjF PTm 

<i» i»r. 

■ f.HAPM > 

so 





i U 1 ‘ 

f. fH. INN 




r | r, 

i h 5 

•i : . 

«, *. t, ly T 

. N '■ 5 

r , ‘» > ij ij i f. 

? 0 0 0 0 

n o o 



- 


j . ^»i-. 

- 


l.?Al- . 

- 


l.?3J- .. 

- 


!.*»?!- ... . 

- 


l.?ll- . . 

- 


1.2«1- 

~ 


1.191- 

- 


1 , IM- . . , 

_ 


1.171- . ........ 

- 

P 

1.1*1- 

- 

E 

1.151- 

-405 

U 

I . 141- 

-3H4 

C 

1.131- 

-364 

E 

1.1?1- 

-343 

N 

1.111- 

-1?3 

T 

1 .I'M- 

-303 


1 .091- 

-?fl? 

P 

1 .OHl- 

-?ft? 

E 

1.071- 

-?4 1 

C 

1.061- X/X X 

-2?1 

H 

1.051- XXXX* X ; XXAXXX AAXXXXXXX 

-?01 

A 

1 . 04 l — XXX x ( 

-1R0 

R 

1.031- XXX 

-160 

G 

1.021-X 

-139 

E 


1.440- 
1.434- 
1.4?fl- 
1.4??- 
l.MA- YY 

YYYYYYY YYYYY YY YY,' 

1.404- YY ytrr YY'YY YfY Y YY 

1 . Y . . . - 

1.39?- 
1 . ***- 

— 1 — 1 — 1 — 1“1— i~ l-l — l-l — l — 1“ 1 — j — — 1-1 — 1 — 1 — 1— 1 — 1 — 1 — l — 1 — 1 — 1 — i— 1 — 1 — 1 — ]— 1 — 1 — 1~1~ 1 — 1 — 

3 - hi «5 1^5 171 ?)0 0 0 0 0 0 0 

'*? ^ n 95 135 175 217 0 0 0 0 0 0 

30 fti 75 U 7 is 1 ) 19 * n o o o o n o 

CYCLf'S - UNITS 
F IOUkF 34 



64 


Lfc, 











* a eu £ & 


WQEC/C 77-87 


12. 6E 12.0 ah (OSO-I), One, 5-cell Pack: 

a. Cell Description: See paragraph I. A., page 12. The 

cells' negative plates were given a proprietary silver treatment by the 
manufacturer. 

b. Parameters and Capacity Checks: 


Orbit Period 1.6-hour 

Test Temperature 10°C 

Depth of Discharge 16% 

Voltage Limit 1.440 V/C 

Pack Number 7C 


Capacity Check 

Precycling 16.8 


6 months 14.0 

(Cell r 


12 months 
(Cells 1 & 2) 

13.2 

13.4 



18 months 
(Cells 1, 2 & 3) 

14.3 

14.3 

14.7 


24 months 

(Cells 1, 2, 3 & 4) 

13.1 

13.2 

13.4 

13.7 

30 months 

11.6 

11.6 

11.8 

11.6 


(Cells 1, 2, 3, 4 & 5) 

c. Test Results: 

(1) Performance on Cycling: (Figure 35) Cyc 1 ing 

was started in December 1973. This pack has completed 13,894 cycles 
with no failures. 
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13. GE 12.0 ah (Cycling Since Original Program): 

a. Program Description: At the start of the original 

cycling program there was a total of 84 packs and as of January 1968, 

25 of these packs were still cycling. At the request of Goddard 
Space Flight Center, tests on 20 of these packs were discontinued to 
make room for newly developed space cells being procured for evaluation. 
Five of the test performing packs of the original group were maintained 
on cycling for life capability determination purposes. Of these five 
packs, two have failed. Thus only three of the original 84 pecks 
continue to cycle. The results of the remaining packs are contained 

in Figures 36 through 35. 

b. Cell Description: The three packs maintained on 

cycling contain five GE 12 ampere-hour, nickel -cadmium, cells per 
pack. These cells are rectangular. The cell containers and covers 
are made of stainless steel. Both terminals are insulated from the 
cell cover by ceramic seals and protrude as 1/4-20 threaded posts. 
Acceptance test results are contained in NAD Crane Report 63-319. 


c. Parameters: 
following parameters: 

These packs are 

being tested under 

Pack 

Test 

Percent Depth 

Number 

Temperature 

of Discharge 

1 10A* 

0°C 

15 

1 11 A 

0°C 

15 

125A 

0°C 

25 


*This pack is cycled at the 1.5-hour orbit period, 
the others are at the 3.0-hour orbit period. 

d. Test Results: Cycling was started in January 1964. 

Packs 1 1 1 A and 125A have completed 34,553 and 34,920 cycles respectively, 
with one cell failure in each pack at 28,312 and 19,654 cycles, respec- 
tively. Pack 110A has completed 68,319 cycles with 2 cell failures, 
54,972 and 62,680 cycles. Failed cells have not been removed for 
analysis because this would disturb the packs. 
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WQEC/C 77-87 

14. Gulton 12.0 ah (Nickel -Cadmium) , Four 5-cell Packs: 

a. Cell Description: See Paragraph I. A., page 12. . 

Acceptance test results are contained in NAD Crane Report QE/C 67-]^<< v 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hour 

Temperature 0° 0° 25° 


Depth of Discharge 

25% 

40% 

40% 

25% 

Trip Voltage (MV) 

70 

70 

150 

230 

Auxiliary Electrode 
Resistor (Ohms) 

6.2 

6.2 

6.2 

6.2 

Pack Number 

70A 

71 B 

1 1 B 

47B 

Precycling Capacity 

15.0 

15.4 

15.9 

14.3 

88 Days 

Disch #2 

14.9 

15.2 

14.0 

3.7 

264 Days 

Disch #2 

14.7 

14.4 

6.5 

3.2 

440 Days 

Disch #2 

11.6 

11.5 

9.0 

3.4 

616 Days 

Disch n 

9.5 

9.1 

7.4 

F 

792 Days 

Disch #2 

9.1 

10.4 

F 


968 Days 

Disch #2 

8.1 

7.8 

n 



1144 Days 

Disch #2 

* 

D 



1320 Days 

Disch #2 

6.4 




1496 Days 

Disch #2 

5.7 




1672 Days 

Disch #2 

6.0 




1848 Days 

Disch #2 

4.5 




2000 Days 

Disch #2 

3.9 




2162 Days 

Disch #2 

NA 




2342 Days 

Disch #2 

4.93 




2427 Days 

Disch #2 

4.70 




2619 Days 

Disch #2 

4.49 




2798 Days 

Disch #2 

5.09 




2980 Days 

Disch #2 

5.59 




3156 Days 

Disch #2 

5.57 





Capacity check not performed. 
D - Discontinued. 

F - Failed. 
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c. Test Results: 

(1) Performance on Cycling: (Figure 40) Cycling 

was started on Pack 11 B in October 1966, on packs 47B and 71 B in 
January 1967 and on pack 70A in February 1967. Pack 70A has com- 
pleted 52,709 cycles to date with no failures. Packs 71B, 11 B 
and 47B failed on cycles 15,275, 11,933 and 6536, respectively. 
The following table indicates the cycle number that the cells 
either failed or were discontinued on. 


CELLS 


Pack 

1 

2 

3 

4 

5 


' 





71 B 

15275 

9991 

15275 

15275 

15275 


D 

F 

D 

D 

F 

1 1 B 

11933 

11930 

11930 

11933 

11933 


F 

F 

F 

F 

F 

47B 

6537 

5463 

5801 

6536 

6537 

Failed 

Discontinued 

F 

F 

F 

D 

D 


(2) Failure Analysis: Analysis of the nine failed 

cells showed that the failure was due to separator deterioration and 
migration of the negative plate material. Other conditions found in 
these cells were high internal pressure and electrolyte leakage. 
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' ■* >.1,5. GE 20.0 ah (Standard versus Teflonated Negative Electrodes), 
Four 5-cell Packs: 

a. Cell Description: See Paragraph I. A., page 12. 

The cells were manufactured for NASA, GSFC, under NASA contract 
number NAS-5-17876, and manufactured to GSFC's specification number 
S-761-P-6. Packs 1G and 1H contain teflonated, negative electrodes 
(TFE-II). The electrodes of these cells were teflonated prior to 
the Electrochemical Cleaning Test ( ECT ) and had catalog number 
42B020AB29-G4. Cells of packs II and 1J had standard electrodes 
and catalog number 42B020AB30-G4. All cells contain a teflon- 
coated (one side only), sintered, nickel plaque auxiliary electrode, 
located along the narrow edge of the cell. Initial evaluation test 
results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 74-337. 

b. Parameters and Capacity Checks: 

Orbit 1.5-hours 


Temperature (°C) 

20° 

0° 

20° 

0° 

Depth of Discharge ( 

%) 25 

40 

25 

40 

Auxiliary Electrode 
Resistor (ohms) 

300 

300 

300 

300 

Pack Number 

1G 

1H 

11 

1J 

Precycling Capacity 

26.6 

26.3 

28.9 

27.2 

6 months 
(Cells 4 & 5) 

29.0 

25.5 

30.0 

27.0 

12 months 
(Cells 4 & 5) 

27.6 

26.5 

29.1 

26.2 

18 months 

25.4 

25.7 

27.2 

24.9 


(Cells 4 & 5) 


c. Test Results: 

(1) Performance on Cycling: (Figures 41 through 44) 

Cycling began in September 1974 and Packs 1G, 1H, II, and 1J have 
completed 11,025, 11,085, 10,966 and 11,000 cycles, respectively, with no 
cell failures. 
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16. Gulton 20 ah (Variable Electrolyte), Three 5-cell Packs; 

a. Cell Description: See paragraph I. A., page 12. 

Cells in Pack ID are designated as control cells with 69 cc electrolyte; 
Pack IE has a 20 percent increase, 82 cc electrolyte; and Pack IF has 
a 40 percent decrease, 106 cc electrolyte. Evaluation of the cells is 
to determine effects of life-cycling with variable electrolyte, ihese 
cells were manufactured under contract number NAS 5-17365 for GSrL. 
Initial evaluation test results and detailed cell descriptions are 
contained in NAD, Crane Report QEEL/C 74-2. 

b. Parameters and Capacity Checks: 


Orbit Period 


1 .5-hours 


Temperature (°C) 

20° 

20° 

20° 

Depth of Discharge (%) 24 

24 

24 

Auxiliary Electrode 
Resistor (ohms) 

47 

47 

47 

Pack Number 

ID 

IE 

IF 

Precycling Capacity 

24.0 

24.3 

24.5 

6 months (Cell #' 

26.0 (5) 

26.5 (1) 

26.2 (2) 

12 months (Cell #) 

25.8 (4) 

26.7 (2) 

19.7 (5) 

24 months (Cell #) 

19.5 (3) 

16.5 (5) 

14.5 (4) 


36 months 


c. Test Results: 

(1) Performance on Cycling: (Figures 45 through 47) 

Cycling was started in October 1973 and Packs ID and IE have completed 
15,403 and 15,329 cycles respectively without a cell failure. There was 
equipment failure on Pack IF which resulted in cell reversal and high 
pressure on cycle 138. As a result, two cells were discontinued from 
test; but were replaced with two other cells of the same type. One 
of the replacement cells was discontinued on cycle 1116 due to high 
pressure. Pack IF has completed 13,977 cycles. Pack ID's typical 
pressure range at E0C is 14 to 40 psia, IE's is 38 to 55 psia, and 
1 F * s is 20 to 50 psia (although prior to cycle 138 its range was 71 
to 78 psia). The packs are voltage limit controlled on charge, and the 
voltage limit is adjusted to maintain 108 to 110 percent recharge. Cells 
of each group were analyzed following acceptance test (7 cycles), and 
one cell from Packs ID and IE were analyzed following 6 months of cycling 
along with the discontinued cell of Pack IF. Also, one cell of each 
group was analyzed following 12 and 24 months of cycling. 
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(2) Analysis has shown that migration has increased witn cycle life; but the last cells which v/ere 
removed from all three packs showed severe migration, with the separator adhering to the negative plates. The 
separator material v/as damp. The results of the chemical analysis are as follows: 


Pack Number 



ID 




IE 




IF 


Serial Number 

553 

551 

550 

549 

529 

530 

531 

537 

548 

541 

542 

540 

Cycles Completed 

7 

3069 

6093 

11759 

7 

3029 

5925 

11613 

7 

985 

5965 

11705 

Total meq* KOH 
per extract 

424.698 

187.968 

408.144 

391.548 

514.754 

227.832 

503.514 

492.649 

606.973 

563.468 

675.938 

543.900 

Total meq K 2 CO 3 
per extract 

138.062 

70.026 

156.750 

173.696 

136.620 

68.772 

151.536 

177.592 

129.410 

140.492 

161.634 

188.533 

Heq KOH per 
separator patch** 

4.0389 

3.1040 

2.260 

1.2608 

8.0911 

7.3480 

2.9888 

6.0500 

13.1842 

12.1614 

6.4807 

8.6693 

meq K 2 CO 3 per 
separator patch 

2.0665 

1.647 

3.5815 

4.106 

2.5912 

3.216 

3.4597 

3.2376 

3.0808 

3.2818 

4.8216 

3.0413 

Total volume 
(cc) per patch 

3.876 

4.293 

4.2808 

4.5959 

3.965 

4.921 

4.6363 

5.0681 

3.980 

3.894 

4.8382 

5.5970 

Met Weight per 
patch, avg (g)*** 

1.5420 

1.7526 

1.7983 

1.9967 

2.3530 

2.8355 

2.8407 

3.2308 

3.3110 

3.0344 

3.7344 

2.9535 

Dry Weight per 
patch, avg (g)*** 

0.5607 

0.7447 

0.7539 

.7885 

0.5294 

0.7159 

0.9675 

1.184 

0.5998 

0.6532 

1.0411 

0.8013 


*meq is the abbreviation of milliequivalents. 

**The separator patch data is an average of four patches sampled. 
One from the first third of the plate stack, two from the center, 
and one from the last third. 

***Wet weight is determined immediately following removal from the 
cell case and prior to leaching in water overnight; dry weight is 
determined following titration and air drying overnight. 
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WQEC/C 7787 


Gul ton 20 ah (0A0), One 9cell Pack: 

t 

a.- Cell Description: See paragraph I. A., page 12. Also, 
the cells contain precharged cadmium material as follows: 


Cell 

AH 

Cell 

AH 

Cell 

AH 

1 

5.92 

4 

4.5 

7 

4.5 

2 

5.0 

5 

5.0 

8 

4.74 

3 

5.0 

6 

4.5 

9 

6.45 


b. Parameters and Capacity Checks: 

(1) Orbit Period: 1.5hour. 

(2) Test Temperature: 10°C. 

(3) Depth of Discharge: 15%. 

(4) Pack Number: 4C. 

(5) Capacity Checks: As requested by Technical Officer 


at Goddard Space Flight Center. 

42 Days (Cells 1 end 2) 26.8 

55 Days (Cells 8 and 9) 26.1 

93 Days (Cells 6 and 7) 26.3 

514 Days (Cells 1 * 2 and 3) 28.3 

c. Test Results: 


(1) Performance on Cycling: (Figure 48) Cycling was 

started in May 1972. The pack's voltage limit is 1.457 v/c and cell 9, 
with the greatest amount of precharge, is exhibiting the highest end of 
charge voltage (1.504 volts). This pack has completed 23,164 cycles 
with no cell failures. 
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WQEC/C 77-87 


18. Gulton 20 ah (OAO), One 5-cell Pack: 

• a. Cell Description: See paragraph IA., page 12. 

b. Parameters and Capacity Checks: 

Orbit Period 1.68-hours 

Temperature (°C) 10 ° 

Depth of Discharge (%) 15 

Auxiliary Electrode 

Resistor (Ohm£) 4/ 


Pack Number 
Precycling Capacity 
Capacity Check 
c. Test Results: 


None Scheduled 


(1) Performance on Cycling: ( Fi 9 ure 49) J his 

pack received 5394 life-cycles at Goddard Space Flight Center before 
beginning cycling at NAVWPNSUPPCEN Crane. Since then, it has 
completed 14,410 cycles with no cell failures. 



87 


- >&*-• 





'• ■'*«wr i *- j_ 7 li t .*»«"{ 

tf Minoif <,.srwao„f oSmtt ma *‘F. r.« i| ro*s. ?n o W ?h C/C 77 ~ 07 

• **0 ok nrsn-iiofu 0RHIT P^^Jnn hoops u „ 4 "* n * H 

Y FtoD OF rnwr,f TFMP * hfwjffs r. ln 

x PtPCFMT DFf«w,. t OHflpr,F P4TF A«PS q.no 

OFPTh OF •'T^CHflPr.F > | q 

l.'* tt 3 — ooooo ev « * “ 

’ .?63~ * 0 <> 

l.?F^ . * 

1.P43- * 

1.P33-... 

.... 

i.?n- 

V 1.203- * • 

0 1.1*3- D 

L MflV x v . * c 

T 1.173- * • ./ * -IP.'. P 

1.1*3— X X x **V* .. •• -117 P 

1.1*3- x x . -n't F 

}:!£” * ' »» >«x," x ;;rx„»„ x r, '7- • * '. 

i.-iS: ■ * « ' . * * ‘V v ;; « * - p 

1.103- x XX * -I'M F 

1.0*3- X -I'M r 

1.0B3- - H 

1.07.3- - R6 A 

1.0*3- - qa o 

1 ,45«- **" “-’*— —— ...... - OQ F 

1.450- 

1 .44*- - 

1 • &.3R-YYYYY YY WYy V Y \ Y V ^ Y Y v Y r ^ V YY V ^ Y Y YV Y YVYYYY - ntyk 

i;«J; V Y YYYY YYrYYYYYYY y y Y YVY Y YYY YVVYYVVVyVr ; 

i‘w- - 0% 

1.4??- - 

7 >" ^ *A 56 ftS 7 H1 *' . 10 * 1,7 170 . *» vv$ 

CYCLFS - MULTIPUFS OF loo U1 1 ** 1 ? * n ' ^ ^ 

figurf 49 

NOTE: Collated 8394 additional cycles at GSFC. 


88 


WQEC/C 77-87 


• 19. Gulton 20 ah (0A0), Three 5-cell Packs: 

* 

a. Cell Description: See paragraph I. A., page 12. 

These cells were manufactured in the same time frame and from the 
same plate lot as cells for 0A0 batteries, assemblies 36 and 37. 

They were manufacted to the "Nickel -Cadmium Storage Cells Power u 
Supply Subsystem Orbiting Astronomical Observatory, Specification for , 
Grumman specification AV-252CS-25F. (They are V020HS-type cells and 
the manufacturer's model number is 804325.) Initial evaluation test 
results are contained in NAD, Crane Report QEEL/C 73-459. 

b. Parameters and Capacity Checks: 


Orbit Period 


1.5- 

-hours 


Temperature (°C) 

10° 

10° 

10° 

Depth of Discharge (% 

) 14.4 

14.4 

14.4 

Auxiliary Electrode 
Resistor (Ohms) 

47 

47 

47 

Pack Number 


4E 

4F 

4G 

Precycling Capacity* 

25.2(2) 

25.1(2,3 

,5) 24.2(3) 

6 months 
(Cells 1 

& 2) 

25.7(1) 

22.8(2) 

26.8(1,2) 

12 months 
(Cells 2 

& 3) 

26.1(2) 

22.3(2) 

25.6(3) 

18 months 
(Cells 3 

& 4) 

26.5(3) 

23.3(4) 

24.5(3) 

24 months 
(Cells 4 

& 5) 

24.3(5) 

22.5(4) 

25.5(5) 

30 months 
(Cells 1 

25.8(5) 

,2,3,4 & 5) 

23.4(2) 

26.1(1,3) 


*Number in parenthesis indicates limiting cell on discharge, 

c. Test Results: 

(1) Performance on Cycling: (Figures 50 through 52) 

Cycling began in October 1973 and Packs 4E, 4F and 4G have completed 
15,363, 15,410, and 15,154 cycles, respectively with no cell failures. 

The voltage limit on Pack 4F was reduced to 1.433 v/c, cycle 15405, 
following its last capacity check; due to the pack temperature reaching 
20°C because of cell imbalance during charge. The auxiliary trip voltage 
of pack 4G was reduced from 300 to 100 millivolts, cycle 14955, follow- 
ing its last capacity check; because of a high percent of recharge 
caused by cell imbalance. 
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WQEC/C 77-87 


20. Gul ton 20 ah (0A0), (Nickel -Cadmium) , One 5-cell Pack: 

a. Cell Description: The first, third and fifth cells 

were fitted with pressure transducers. The first cell has the only 
auxiliary electrode of the pack. They physical description may be 
found in paragraph I. A., page 12. 

b. Parameters and Capacity Checks: 

(1) Pack Number: 12E. 

(2) Orbit Period: 1.5-hour. 

(3) Test Temperature: 20°C. 

(4) Depth of Discharge: 15%. 

(5) Auxiliary Electrode Resistor: 47 Ohms. 

(6) Capacity Checks: The ampere-hour capacities 

during precycling were determined by discharging each cell at 6.0 
amperes to 0.5 volt per cell. The capacity checks during cycling 
are determined by that time required for the first cell in the pack 
to reach 0.5 volt. Further, the capacity checks during cycling are 
not run on a regular 88-day cycle, but only when instructed by 
Goddard Space Flight Center; and when run, the capacities are deter- 
mined by the time for the first cell in the pack to reach 0.5 volt. 



Cell #1 

Cell #2 

Cell n 

Cell #4 

Cell # 5 

Precycling Capacity 

25.26 

25.38 

25.38 

24.96 

25.56 

58 Days* 

29.80 

29.50 

27.60 

27.50 

28.60 

97 Days 




25.80 


158 Days 




29.22 


174 Days 




26.83 


650 Days 




28.40 



* This capacity check was run at the c/2 discharge rate as 
opposed to precycling data and that at 97 days which was run 
at the cycle rate of 6.0 amperes. When only one column is 
used (97 days), the capacity is determined by the low cell 
reaching 0.5 volt. 
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WQEC/C 77-87 


c. Test Results: 

(1) Performance on Cycling: (Figure 53) Cycling 

started in May 1970. Pack 12E has completed 34,461 eye }% 

two cells removed. The voltage limit was lowered from 1.420 V/C 
to 1.380 V/C after 19,488 cycles due to increasing percent recharge. 

(2) Analysis: After 2522 cycles, the cells showed 

a large amount of imbalance at the end of charge. The cel1 sd ° w ’"9 
the highest end-of-charge voltage (position one) was removed at the 
request of Goddard Space Flight Center. Analysis showed excess ve 
migration and moderate separator deterioration. Samples of Positive 
and negative (adjacent) plates were removed, and individual plate 
capacities were measured. The positive capacity exceeded the nega- 
tive capacity in each case by as much as 13 Percent. This J^ ds 
high voltage (unusually high pressure also, though not noted in this 
case) during charge. A second cell (position 4) was removed after 
2729 cycles and discharged through reversal to -1.0 volt while f ]°° 
with 31% KOH; then recharged for 48 hours and the peak voltage was 
noted after 35 hours and 12 minutes at 1.516 volts. The cell was 
then removed from its case and immersed in 31% KOH whereupon it was 
discharged through reversal to -1-bO volts. The cell remains were 
then sent to Goddard Space Flight Center. 
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WQEC/C 77-87 

21. Gulton 20 ah (0A0), (Nickel -Cadmium) , Three 5-cell Packs: 

a. Cell Description: See paragraph I. A., page 12. 

b. Parameters and Capacity Checks: 


Orbit Period 


1.5-hours 


Temperature 

0° 

25° 

40° 

Depth of Discharge 

15% 

15% 

15% 

Trip Voltage (MV) 

250 

250* 

300 

Auxiliary Electrode 
Resistor (Ohms) 

47 

47 

47 

Pack Number 

54B 

19B 

38E 

Precycling Capacity 

22.7 

23.3 

17.3 

88 Days 

25.1 

19.8 

5.6 

264 Days 

24.7 

14.9 

2.9 

F 

440 Days 

24.8 

8.7 


616 Days 

22.1 

9.4 


792 Days 

6.7 

8.2 


968 Days 

17.1 

8.4 


1144 Days 

16.9 

11.9 


1320 Days 

14.9 

5.9 


1496 Days 

15.7 

4.0 

D 


1672 Days 

18.8 


1865 Days 

14.2 



2027 Days 

20.2 



2206 Days 

10.5 



2381 Days 

6.7 



2559 Days 

14.4 



2735 Days 

10.2 



2911 Days 

5.9 



^Placed on voltage limit control 

(3-4-71) 

due to both 

auxiliary 


electrode cells in the pack failing. 
F - Failed. D - Discontinued. 
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WQEC/C 77-87 


c. Test Results: 

(1) Performance on Cycling: (Figure 54) 

Cycling was started in March 1968. Pack 54B has completed 46,915 
cycles with no cell failures; pack 19B was discontinued after 24,625 
cycles in March 1970 in which it had two cell failures (internal 
shorts), cycles 17130 and 16028; pack 38E failed after 4943 cycles due 
to loss of capacity at high temperature. Pack 54B's charge current was 
reduced to 3.5 amperes after 25,069 cycles due to high percent recharge. 

(2) Failure Analysis: Analysis of five fai led/di scon- 

continued cells showed that failure was due largely to separator deteriora- 
tion. Migration was not as extensive as that seen in most failed cells. 
Other conditions included blistering and high pressure as evidenced 

by gas escaping from the punctured cell. 
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b. Parameters and Capacity Checks: 

0) Orbit Period: 1.5-hour. 

(2) Test Temperature: 0°C 

(3) Depth of Discharge: 15 %, 

W Auxiliary Electrode Resistor: ^ ^ 

(5) Pack Number: 68B. 

* MC,ty ,s tto f» Sn’V 8 "S,'f 0 ^); t ^ 

Cel] #1 cell #2 
Precycling Capacity 27.00 26.82 

88 “W* 27.00 

c - Test Results: 

was started in Octobe^l)?^"^ 0 " C ^ clin 9 ; (Figure 55) r vrHri 


Cell #3 
27.30 


Cell #4 
27.12 


Cell #5 
27.12 


99 


- 






KfY AVFPAGP CPU V0|. T*r,F 

* Minoi F PTSrHAPf.K 

• FND OF iWSCWAUf.F 

Y FPJD OF rniwi.F 

— “—PpPCP^iT uf i 


par * .MfjF. 

n^wir Pf^rnn HOHWC, 

i ; Wf1 . nF'j^Fh s r . 

f MAPf.F P A 1 r AMpC, 

•■'•■PTH OF OjsrHAUr.r > 


WQEC/C 77-87 
51 M. T 05 PA , A ah 
n 1 • 5 

ftn 

-.01 

15 




? . 

1. <IS-«« * 

) . *AS- * 

1 H — . iJo- 

} .P^s- 

1 .P75- 
} .?A5~. 

l.W- ... 

1 .?4«5- 
1 .?1S- 
V l.??5- 
0 1.P15- 
L l.?05- 
T 1.195- 

1.155- XX xx 
1.175-X x x 
1 . 1*5- 
1 .155- 
1.1*5- 

i.ns- 
1 . i?s- 
1.115- 
1.105- 
1.095- 
1 • 055- 

] .Sis- 

l.sni-YYYY y 
1.49J- 
1.47R- y 

1 a 4 A A — 

1.454- 
] • uU p — 

1.4PQ- 

1.417- 

1.405- 


■ I i * • • 

.1-1™-. S S S ^ *« ^ * 5 5 S 5 s 5 5 ^ , 


O O 


i> * Q 

**•*« * 0# 0*0 

** 

ooooo « o««oo 


DO o 


*5f * 


• . • 

a . X , 


* 

• . . . 


■»_ 

c 

r 

- 1 ? A w 

.-i i 7 r 

- 1 I 4 P 

- m w 

- 1 A 9 T 

- 1 A A 

-im o 


y * X 

XX X X X X X X X X x XX X .< *„ y XX X -in, W 

X xxx < xx x XXK * x XX 'unajuon.iri r 

* xx x x x x x xxx x - no r 

x X X X - •* c ' H 

- 01 J 

- QO P 

- “7 r, 

_ Q a F 


y yyy y y 

y yy yyyxvy yyyy 



io 4i , , ii, , J y '' 1 ? u7 '’I >V 

51 ,, ,, u . ,ni ’ ?=•« ,,, 

rvn,, . .u u J,d ifs I w' ,„i" ,1P «> ’• 

F I fiUPF 55 



WQEC/C 77-87 


SECTION II 


CELLS WHICH HAVE COMPLETED TEST WITHIN LAST YEAR 
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I. CELLS WHICH HAVE COMPLETED TEST WITHIN THE LAST YEAR 

A. General Description: 

1. The majority of the nickel -cadmium cells tested for use 
in space, or related programs, are of one basic type. They are rec- 
tangular with stainless steel containers and covers, both terminals 
are insulated from the cover by a ceramic seal and protrude through 
the cover as solder-type terminals. Where auxiliary electrodes are 
present, the terminal is a stainless steel tab welded to the cell 
cover. Any cells differing from this decription are separately 
described as they are encountered in the following paragraphs. 

B. Nickel -Cadmium Types: 

1. Gulton, 5.0 ah (Nickel-Cobalt): 

a. Cell description and test results of this pack are 
located on page 16 since cells of this type make up a group of packs, 
in which one is currently on test. 

2. EP, 6.0 ah (Separator Evaluation), Packs 9J-M and 9P-R: 

a. Cell description and test results of this pack are 
located on page 21 since cells of this type make up a group of packs, 
in which some are currently on test. 
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SECTION III 


CELLS ON TEST PROGRAM WHICH HAVE COMPLETED TEST 
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I. 


CELLS ON TEST PROGRAM WHICH HAVE COMPLETED TEST 


of nlckef-cLX^ceflVcycle^at vaHo^ l nd ^ cate the performance 
were placed on test during Deceive? condlt ?? s; 660 cells 

ss rar,."!is*ssrs? “jasry.r-.SR, 

ssss i ?£i ,2 TF d 

were placed in 10-cell packs? PSd int ° packs ; the remainder 

A. Description of Cycle Test: 

more of the crils Wlri^?»if C * dlt, “. unt11 60 percent °r 
terminal voltage dropped ’below O^lfS^JS* JurlnS'cHng. 

B. Life Test Results: 

drop s 11 gii tly^o^remai'n the^aL^uri no^h di !? l J ar 9 e voltages tend to 
usually not ™re than S .oTwlTper lcti ve ’ ] f 6 ^ The drpp is 
this are Immediately after a canar1t» u ' J he exce Ptions to 

In the discharge voltage and when a relive W h en * t 5 er | ? s an Increase 
voltage drops more rapidly The least overall 0 ^ t0 f ? 11, the average 
For a given temperature and cel? tyre the dL^" 9 ® ’? Seen at °° C - 
ally from 0.02 to 0.08 volt per cel^Wn d * S ge voltage is gener- 
discharge, that Is, at the hloheS r** 1 at the Sweater depths of 
voltage tends to decreas e n£ re re thanVl exp f ted - Tt? e discharge 

In test tenperature from 0°C to A0°C for ’each 1 dent h C ? w-” 1 ? 1 1ncreases 
amount of decrease derends on the f " ^ pth of dls charge. The 
to have little effect ^nlhe di'schar^ SjS I 3? °«> H Period seems 
functioning cells (the 1 5-hour anH ara ^? r ^ s tics of normally 
30-mi nute discharge periods J 3_hour 0ri>it periods bpf -h have 

and end-of-ct?arre P \mltare e occurred er thpv an9eS *? percent of recharge 
direction of lower percent of re^haree Lrf 6 ^ alroost alwpys in the 
some of the packs did have an i^cre«p and higher voltage although 

Jha average, packs Operating at o»C ad an L^? ent of rechap 9 p - 
recharge of 107 percent and IfL- c U L had an early percent of 

While at 25»C, thl^rlv oercp^ nf y JT H was 105 Percent, 
after 4 years ’it was {IS ££ce nt At re^thp* 5 129 percent apd 
recharge was 153 percent and aff-or. a C, .J he ear1 ^ Percent of 
At all temperatures the percent^ 
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below the specified percent of recharge Indicating that the amount 
of recharge need not be as high as was originally set for the testing 
program- -approximately 10 percent less. 

3. Capacity Check Results: 

a. The ampere-hour capacity was checked approximately 
every 88 days. These capacity checks showed that temperature had 
a very definite effect on the loss of capacity. The packs cycled 
at 40°C shewed a very rapid drop in capacity until failure occurred. 

The loss o* capacity was not as severe for the packs at 25°C while 
those operated at 0°C showed very little capacity loss. Orbit 
periods and depths of discharge also have a small effect but these 
do not show any definite trends. 

b. The ampere-hour capacity checks also show how the 

cells degrade during life cycling. » 

4. Cell Failures: 

a. The analysis of the failed cells is a very important 
phase of the testing program. From these analyses manufacturing 
defects, poor design, and material weakness can be detected and an 
effort made to correct or improve them. This in turn will lead to 

a bettery product with better performance characteristics . 

b. Special Considerations: 

(1) The charge rates specified in the cycling program 
usually exceeded the maximum rates recommended by the manufacturers. 

For example, packs which are cycling in a 1.5-hour orbit at 25°C, 40 
percent depth of discharge are being charged at the c/2 rate, although 
the maximum charge rate recommended by the manufacturers is c/10. The 
only charge rates below c/10 are those for the 3-hour orbit, 15 percent 
depth of discharge combinations, the rates for which are calculated to 
be c/14.5 at 0°C and c/10.4 at 40°C. 

(2) These cells were manufactured prior to January 1963. 
Because of subsequent changes in construction, newer cells of the same 
capacity and manufacturer may not show the characteristics discussed 
here. Also, the manufacturers have reported that corrective action 

has been taken to eliminate the sources of premature mechanical 
f ai 1 ure . 
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c. Discussion of Failures: 

(1) General Observations: 

14 i , , (^) t of the cell failures occurred at thp 

HL— siSSi? 

obtained by request to the NASA Technical Officer (See Introduction). 

s*i T,”" 1 - ; * 

skb:- 

taD * ceranl1c short, or extraneous active material, 
exart ra.ico nf mi (c > U 1s frequently difficult to isolate the 

cis'wLJissia'rs s? ?s,“ n,es “ d b "*“ 

( 2 ) Discussion of Failures by Cell Type: 

(a) GE: 

failures, of which four H/tV 

at the 50°-40°C ambient temperature . at 25 C , and 25 were 

conditions except 25 percent\pth 9 of d^freT^c* * d a ]Vf 4 

KcS^l^ker^a^ays^fTvcr* 1 ' 0 " £?? an 4 ? appea,: ^ failures that 
was vary common at 25°C after 4^ 9 dqys if^ytling! 1 ^ P ° sitive plates 

of which three were at ok, iHisHrM: S^Z^Vat 
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_a. Migration was present In most of th»' 
cell failures that occurred after 239 days of cycling. Cell failures 
began to show signs of separator deterioration after 240 days of 
cycling. High Internal pressures occurred In a few cell failures at 
all ambient temperatures. 

(b) Gould: 

1. 3.5 ah Cells : There were 63 cell failures, 

of which eight were at O^C, 26 were at 25°C and 29 were at 50°-40°C 
ambient temperature. 


a. Weight loss was one of the main condi- 
tions found in these failures. Losses ranged from 1.0 gram to 7.1 
grams. Deposits were always present with the weight loss which 
occurred earlier at 25°C and 40°C but did not appear in the cell 
failures at 0°C until after 687 days of cycling. Migration and 
separator deterioration were present at all conditions. The number of 
weak welds inside of the cells analyzed varied with temperature as 
indicated by 14 weak welds out of 29 failed cells at 40°C; 11 weak welds 
out of 26 failed cells at 25°C; and 1 weak weld out of 8 failed cells 
at 0°C. 


2. 20.0 ah Cel is i There were 29 cell failures, 
of which five were at 0°IT, 12 were at 35 °C and 12 were at 50°-40°C 
ambient temperature. 


a. High internal pressure was present in 
almost all failures. PiercecT separator was more predominate at the 
1.5-hour orbit period at all ambient temperatures. Blisters were 
present on the positive plates at 25°C for the 3-hour orbit period 
and the 1.5-hour and 3-hour orbit periods at 40°C. 

(c) Gulton: 

1* 6»0 ah Cells : There were 68 cell failures, 
of which 20 were at 0°C, 24 were at 26°C and 24 were at 50°-40°C 
ambient temperature. 


a. Ceramic shorts were the most common 
mode of failure. Weight losses were also very common and ranged from 
1.0 gram to 12.0 grams. Most of the cells that lost weight did not 
show signs of leakage in the form of deposits around the seals. Most 
of the failures due to ceramic short did not show signs of migration 
or separator deterioration because the failures occurred early in life. 
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°l 4 h1ch el9ht were at O^C. TS^were~aFrl'“r l h f, e 36 «H failures, 
ambient tenperature. were at 25 C and 13 w6re at 50°-4O°C 

and 25°C and ranged from 6 8~ara!^ 1 fn t ?K°o SeS were very conlmon at 0°C 
that lost weight did not show I l f 2 ?' ' 9 9 rams - Most of the cells 
around the seals. Several relf fannlc®** 39 ® 1n the f 0 ™ of deposits 
the case being pushed aoainsr thl k were caused by the sides of 

Migration and sepfrato^deteri^t n^ S 3t ^ he top of the Plates 
common at 0°C or 25°C. enorat *on were found at 4Q°C but not very 

(d) Sonotone: 

of Which six were at 0”c7 Zl^irTir^r Were 51 cel1 Flores, 

ambient temperature. ere at “ C and 24 were at 50°-40°C 

was present in nos t of the cfil fan ures ^ 3 1?" 9 with "^ration. 
Separator deterioration was nwrefreouent at J^r" 61 ^oo emperatures - 
internal pressure and leakaG^as ^ f 25 . C and 40 c - High 
were present at 25°C and 40°C. Sh ™ by deposits around the seal 
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TABLE I 

PHYSICAL CHARACTERISTICS OF CELLS 



Manufacturer 

and 

Manufacturer's 
Rated Capacity 

Shape 

Average Dimensions ( Inches) 
Height Wldtn Lengtn 

Base to Top or or 

of Terminal Diameter Dep_th_ 

Ave rage 

Height 

(Grams) 

Case 

Polarity 


GE 3.0 ah 

Cylindrical 

3.10 

1.25 D 

-- 

155.0 

ftegati ve 

; 

Gould 3.5 ah 

Cylindrical 

2.22 

1.28 D 

— 

135.2 

Positive 


Sonotone 5.0 ah 

Cylindrical 

3.67 

1.31 D 

— 

237.4 

Negative 


Gulton 6.0 ah 

Rectangular 

3.58 

2.09 W 

0.81 

267.0 

Negative 

o 

LO 

GE 12.0 ah 

Rectangul ar 

4.59 

3.02 W 

i.n 

562.0 



Gould 20.0 ah 

Rectangular 

*7.95 

3.05 Vi 

0.97 

1045.0 





**8.10 

3.56 vi 

1.49 

1423.0 

•* 


Gulton 20.0 ah 

Rectangular 

7.10 

2.93 W 

0.90 

871.6 

- - 


* Before Epoxy Cover 
** After Epoxy Cover 
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TABLE II 


SUMMARY OF TEST PARAMETERS 


For each orbit period, 
cycling at each of the 
ti ons . 


one pack of each of the seven cell types 
six temperature-depth of discharge combi 


is 

na- 
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II. COMPLETED TESTS OF CELLS WHICH FOLLOWED JANUARY 1964 

t i on ^e i the r^r^new ''ce 1 f^ty pes Pr ° 9ra ? t0 ° btain *"*»«- 

cycled until 60 Percent or more of^he celir?^^H S ' P ack was 
considered a failure when its tprnriSi c ,] s fai1ed * A cell is 
during cycling. Testinq has hepn I nal . V0 J tage dro PS below 0.5 volt 
in this section of ?he Ljort termlnat ^ on all packs covered 

HI. CELLS USING CONSTANT CURRENT CHARGE WITH VOLTAGE LIMIT CONTROL 
A. Nick el -Cadmium Types: 

i. NIFE 3.9 ah, Two 5-cell Packs: 

cover of these c^Lwcarcens and the cel1 

cell container serves as the neoat^o ? de ° f 5 talnless stee l- The 
terminal is a button extension nflhf te ™ nal - The positive 

the center of the cover The oosi tive P to 1t - Ve i P - at ® tab throu 9 h 
the negative container bv means t ® rmlnal is isolated from 

are made by soldering directlv seal • c °nnections 

terminal. 9 ectly to the container and the positive 


b. Parameters and Capacity Checks: 


Orbit Period 

1.5- 

•hour 

Temperature 

0° 

25° 

Depth of 

Discharge 

25% 

25% 

Pack Number 

97C 

85 C 

Precyclin 

9 Capacity 

4.10 

3.90 

88 Days 

Disch #2 

3.93 

3.57 

264 Days 

Disch #2 

3.33 

3.33 

440 Days 

Disch #2 

3.27 

2.90 

616 Days 

Disch #2 

3.60 

2.20 

792 Days 

Disch #2 

3.50 


968 Days 

Disch #2 

3.23 


1144 Days 

Disch #2 

3.03 
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c. Test Results: 

„ , (1) Performance on Cyctinq: Cvclina was started in 

respectively 6 ^* Pac ^ 3nd 9 ^ C fai *^ ed on c <y c ^ es 9356 and 20,000, 

J * .(2) Failure Analysis: The six fai led cells showed 
separator deteri orat! on , migration, shorting across the membrane 

hu a Honnf^ ral Wea ^ i?u lds ’ ? nd 1 eaka 9 e of electrolyte as Indicated 
by deposits around the positive terminal. 
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2. Gulton 3.5 ah (Polymerized Neoprene Seal), Seven 5-cell 
Packs : 

a. An additional 5-cell pack was put on continuous 
charge at the c/10 rate in an ambient temperature of 25°C in order 
to evaluate the new seal. This pack was not assigned a pack number 
as were those appearing in the table. 

b. Cell Description: These cells are cylindrical with 

cell containers and covers made of stainless steel. The positive 
terminal is insulated from the cell cover by a polymerized neoprene 
bushing and protrudes through the bushing as a 8-32 threaded post. 
The negative lead is soldered to the cell container. 
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c= Parameters and Capacity Checks: 


Orbit Period 




1.5- 

•hour 




Temperature 


-20° 

-20° 

0° 

. 0° 

25° 

25° 

40° 

Depth of Discharge 

25% 

• 40% 

25% 

40% 

25% 

40% 

25% 

Pack Number 


89 C 

75D 

122C 

99C 

87 C 

73C 

112C 

Precycling 

Capaci ty 

3.12 

3.79 

3.70 

4.38 

4.14 

4.26 

4.32 

88 Days 

Disch 

n 

2.39 

3.50 

3.33 

4.23 

3.62 

3.50 

1 .20 

264 Days 

Disch 

#z 

2.25 

2.80 

3.00 

4.03 

2.95 

2.33 

1 .23 

440 Days 

Disch 

#z 

2.33 

3.30 

2.65 

3.65 

2.01 

1.37 

1 .05 

616 Days 

Disch 

#2 

1.72 

2.77 

2.45 

3.12 

1.17 

1.60 

1.08 

792 Days 

Disch 

#2 

1.60 

2.80 

2.33 

2.97 

1.11 



968 Days 

Disch 

n 

1.25 


2.27 

2.97 

0.93 



1144 Days 

Disch 

#2 

1.55 


2.19 

2.51 

0.93 



1320 Days 

Disch 

n 

1.17 


2.07 

2.54 




1496 Days 

Disch 

#2 



1.98 

2.30 




1672 Days 

Disch 

#2 



2.19 

2.01 




1848 Days 

Disch 

n 



1.75 

1.93 





d. Test Results: 

Performance on Cycling: Cycling was started in 

37 C 578 e and 9 3? - 7fiq aCkS i 12ZC ( discont ; nued ) and 99C (failed) completed 
j/, 578 and 31,769 cycles respectively. Packs 75D 73 r n?r « 7 r 

respectively? ^ M ’ 197 ’ " 78 ’ IM . 832 ^ ^ 
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(2) Failure Analysis: 

(a) Analysis of the 19 failed cells showed tne 
major cause tc be migration of the negative plate material and sepa- 
rator deterioration. Other conditions found were high internal 
pressure and electrolyte leakage. 

(b) The pack that was put on continuous charge 
had one cell that developed high internal resistance and was removed 
from test on 5 November 1969 after 1066 days. The high internal 
resistance was caused by corrosion of the positive tab. The cell 
also had electrolyte leakage and high internal pressure. The second 
cell failed on 26 August 1970 after 1335 days of testing. The positive 
tab -to- terminal connection had corroded in two. The positive active 
material was very loose and brittle. Phenol phthalein indicated elec- 
trolyte leakage around the positive terminal. The pack remains on 
test with no more failures to date. 


115 


WQEC/C 77-87 


3. Gulton 4.0 ah (Commercial), Six 5-Cell Packs: 


cells of 
supplied. 
Space FI i 
test. 


Description: These are rectangular sealed 
commercial grade, but were not hermetically sealed as 

nhirUf e - ep0X ^ po * ted int0 5 - ce11 P^ks at the Goddard 
qhz Center in order to hermetically seal the cells before 


b. Parameters and Capacity Checks: 


Orbit Period 



1.5-hour 




Temperature 

0° 

0° 

25° 

25° 

40° 

0 

O 

*3* 

Depth of Discharge 

15% 

25% 

25% 

40% 

15% 

25% 

Pack Number 

115B 

126B 

4B 

14B 

28B 

40B 

Precycling Capacity 

5.04 

4.87 

4.63 

5.00 

4.20 

3.37 

88 Days 

Disch #2 

3.57 

4.00 

2.47 

2.00 

1.70 

1.17 

264 Days 

Disch #2 

4.00 

3.73 

1.80 

1.87 

1.43 

1.30 

440 Days 

Disch #2 

4.07 

3.60 

1.67 

1.93 

1.53 

1.17 

616 Days 

Disch #2 

4.60 

— 

1.60 


1.67 

0.76 

792 Days 

Disch #2 

4.33 

3.63 

1.67 


1.77 


968 Days 

Disch #2 

4.03 

3.50 

1.67 


2.07 


1144 Days 

Disch #2 

3.67 

3.30 

1.30 


0.47 


1320 Days 

Disch #2 

3.63 

3.37 

1.47 


1,73 


1496 Days 

Disch #2 

3.40 

3.33 

1.33 




1672 Days 

Disch #2 

3.17 

3.03 

1.70 




1848 Days 

Disch #2 

3.07 

3.63 

1.40 




2024 Days 

Disch #2 

3.17 

3.87 

0.97 




2200 Days 

Disch #2 

2.80 

3.04 





2376 Days 

Disch #2 

2.64 






2552 Days 

Disch #2 

2.66 
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c. Test Results: 

(1) Performance on Cycling: 

Cycling was started in August 1964. Packs 11515 (discontinued) and 
1?6B (fai led) coimleted 41,641 and 42,234 cycles respectively. 

Pack lie failed m cycle 8476, pack 28B on cycle 20,227, pack 40B 
on cycle 10,360 and pack 4B on cycle 35,111. 

(2) Failure Analysis: The analysis of 14 failed 

rp ns showed the major cause to be due to separator deterioration 
and migration. Other conditions found were weak tab-to- terminal 
welds, high internal pressure and electrolyte leakage. 
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4. Gui ton 5.0 ah (NIMBUS), Six 5-cell Packs: 

a. Cell Description: These cells are cylindrical with 
A threaded stud is fastened to the base to facili- 

maHo n* a c+ S - n i k The cell container and the cell cover are 

made of stainless steel. Two stainless steel tabs, welded to the 

cover, serve as the contacts for the negative terminal. The positive 
terminal is insulated from the cell cover by a ceramic seal and 

wSEh 5 ? T er - aS 1 a S0lder ^ 'wo solder 

tabs are welded to the terminal. Three cells have pressure trans- 

inch r absoluL ar %hPcf to 17 read Eternal pressure in pounds per square 
cations? 1 Th 08115 were manufactured to the NIMBUS specifi- 


b. Parameters and Capacity Checks: 


Orbit Period 



1.5-hour 




Temperature 

0° 

0° 

25° 

25° 

40° 

o 

O 

*3* 

Depth of Discharge 

15% 

25% 

15% 

25% 

15% 

25% 

Pack Number 

11 7A 

121A* 

120 A 

1188* 

127A 

128A* 

Precycling 

Capaci ty 

5.00 

5.38 

5.25 

5.46 

3.29 

3.04 

88 Days 

Disch # 2 

5.17 

5.38 

5.40 

2.55 

1.67 

1.42 

264 Days 

Disch #2 

5.17 

5.00 

2.79 

1.50 

1.38 

1.71 

440 Days 

Disch § 2 

4.75 

4, 29 

2.08 

2.00 

1.71 


616 Days 

Disch #2 

4.70 

3.96 

** 


2.04 


792 Days 

Disch #2 

4.08 

4.08 

3.21 




968 Days 

Disch n 

4.17 

3.79 

2.58 




1144 Days 

Disch #2 

3.83 

3.67 

2.37 




1320 Days 

Disch #2 

4.46 


2.12 




1496 Days 

Disch #2 

4.50 


1.79 




«°SpS VrtSc?nSf5.rf 0 J£d? P8d 3 Pr£SSUre trans ducer. 
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Orbit Period 


Temperature 

0° 

Depth of Discharge 

15% 

Pack Number 

117A 

1672 Days Disch #2 

4.33 

1848 Days Disch #2 

4.12 

2024 Days Disch #2 

4.11 

2200 Days Disch #2 

4.45 


I. 5- hour 


0° 

25° 

25° 

a 

O 

*3" 

40° 

25% 

15% 

25% 

15% 

25% 

121A* 

120 A 

1188* 

127A 

128A* 


One cell In each pack is Equipped with a pressure transducer. 


c. Test Results: 


May 1965 Pack mA P ^r°H5I! Ce *? n C ^ c l in ? : C y cll ' n 9 was started in 

7 « 7 °™i C -II was dlscon tinued in March 1972 after comnletinr 

?21A 120A 1l8B h ! 27 A tw0 discontinuations Pl pac^ 

1 0 , 638 and * 6345^ * respectively?^ 0n CyCl6S 20 ’ 861 * 29753 ’ 8 ^ 


or discontinued wil™SSd A thi 1 ^inr *" alysi f ° f the 18 failed 

deterioration and miaratinn nf th!^° r causes to be separator 

conditions foundwere elertrofwS i2S? atlVe plate maUrial * Other 

tab-to-plate welds? burned c * ram1c short ?» weak 

pierced separator material bv thp nndK* e ? t iT ane ? us active materal 

height) separators hiahi nf omai positlve tab » short (vertical 

internally at the positive tah n ™^H eSSUre * corrosive deposits 
y n me positive tab and dry separator material. 
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5. 


Gulton 5.6 ah (Neoprene Seal), Eight 5-cell Packs: 


ch.no Th a ’ 11 Ce11 description: These cells are cylindrical in 
Jofi Ce ^ 11 container and the cell cover are made of cold 
rolled steel The positive terminal is insulated from the cell 

bushing neo| ? ren ? bushin 9 and protrudes through the 

usld in the fi(rinH n r pr °J ecbl 00 ; The vulcanized neoprene bushings 
, -ph ,-n folded cover to terminal seals are longer than those 
u^ed in the non folded cover to terminal seals to protrude throuoh 

ee S ?pu V r e f 5°lT d f °] d at the «*nte?”fX cover 9 " 

b '* Tfl1s results in a greater lenath of seal 

^ d t hp f ° rdS g f rea L er prot ection to the seal from heat during welding 
of the cover to the can. The possible damage to the neoprlne sel" 
of either type cover to terminal seal,, by attemptina to solder 

necesrirv^nnnfw 0 ^ 1nch positive terminal made it 

necessary -o spot weld metal tabs to these terminals. Metal tabs 

negative°termi'nals^ ed t0 ** bott “ ° f the ca " s t0 «"» ^ 


b. Parameters and Capacity Checks: 


Orbit Period 



1 

.5-hour 




Temperature 

-20° 

-20° 

0° 

0° 

25° 

25° 

40° 

40° 

Depth of Discharge 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

Pack Number 

44B 

(FD) 

32 B 
(NF) 

100B 

(FD) 

90C 

(NF) 

76B 

(FD) 

96C 

(NF) 

42B 

(FD) 

30B 

(NF) 

Precycling Capacity 

4.01 

4.53 

6.25 

6.58 

5.60 

6.30 

4.39 

4.90 

88 Days Disch #2 

* 

4.57 

5.32 

5.88 

1.63 

2.33 

1.49 


264 Days Disch #2 

4.34 

3.64 

4.85 

5.27 

1.59 

1.87 



440 Days Disch #2 

* 

3.64 

4.25 

4.43 

2.10 

2.33 



616 Days Disch #2 

3.64 

3.17 

3.64 

3.64 

1.17 




792 Days Disch #2 

3.41 

2.85 

2.75 

3.08 





968 Days Disch #2 

3.87 

2.10 

2.61 

2.57 





* Capacity Check Not 
FD - Folded. 

Performed. 








NF - Non folded. 


120 


WQEC/C 77-87 


Orbit Period 1.5-hour 


Temperature 


-20° 

-20° 

0° 

0° 

25° 

25° 

o 

o 

40° 

Depth of Discharge 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

Pack Number 


44B 

(FD) 

32B 

(NF) 

100B 

(FD) 

90C 

(NF) 

76B 

(FD) 

96C 

(NF) 

42B 

(FD) 

30B 

(NF) 

1144 Days 

Disch 

#2 

2.66 

2.33 

2.05 

3.17 





1320 Days 

Disch 

#2 

2.72 


2.01 

2.43 





1496 Days 

Disch 

#2 

2.66 


2.10 

2.74 





1672 Days 

Disch 

U 

3.59 


2.46 

1.90 





1848 Days 

Disch 

#2 

2.72 



2.01 






FD - Folded. 

NF - Nonfolded. 


c. Test Results: 

» . 0) Performance on Cycling: Cycling was started in 

December 1965. Pack 44B failed on cycle 31,907, pack 100B on cycle 
28,758, pack 90C on cycle 31 ,623, pack 32B on cycle 23,303, pack 76B 

0n f y ™n ,158 ’ P? ck 96c on cycle 9791, pack 42B on cycle 3798 and 
pack 30B on cycle 1275. 


(2) Failure Analysis: Failure analysis of the 24 
. led cells showed the major cause to be separator deterioration, 
migration of the negative plate material, electrolyte leakaoe, and 
burned positive tabs. Other conditions found were weak positive 
tab-to-plate welds, burned positive tabs, high internal pressure, 
corrosive deposits internally at the positive terminal, carbonate 
deposits externally at positive terminal, arid dry separator material. 
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6 . 


Gulton 6.0 ah (Improved), Three 5-cell Packs: 


shape, 
steel . 


a Cell Description: The cells are rectangular in 
Thf cel ] container and the cell cover are made of stainless 
The positive terminal is Insulated from the cell cover by a 
cerarmc seal while the negative terminal Is welded to the cover. 

? r •°J d ? r ^P® terminals - The s11ver braze of the ceramic 

migration to e ihe P cover! 0 PreVent internal Ce ” Sh ° rtin9 by Silver 


b. Parameters and Capacity Checks: 


Orbit Period 

1 .5-hour 


Temperature 

0° 25° 

40° 

Depth of 

Discharge 

25% 40% 

25% 

Pack Number 

13B 18B 

38B 

Precycling Capacity 

7.30 6.90 

5.00 

88 Days 

Disch §2 

6.95 3.00 

1.75 

264 Days 

Disch §2 

7.20 3.80 

1.50 

440 Days 

Disch #2 

6.75 


616 Days 

Disch #2 

•k 


792 Days 

Disch # 2 

6.25 


968 Days 

Disch #2 

5.15 


1144 Days 

Disch n 

4.80 


1320 D^ys 

Disch #2 

4.15 


1496 Days 

Disch #2 

* 


1672 Days 

Disch #2 

4.00 


1848 Days 

Disch #2 

3.90 


2024 Days 

Disch # 2 

3.55 


2200 Days 

Disch #2 

3.74 


* Capacity 

Check Not 

Performed. 
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c. Test Results : 

(1) Performance on Cycling: Cycling started in 

February 1965. Packs 18B, 38B, and 13B failed on cycles 7577, 5766, 
and 37,650, respectively. 

(2) Failure Analysis: Failure analysis of nine 

ceils showed the major causes of failure to be separator deteriora- 
tion and migration of the negative plate material. Other conditions 
found were blistering on the positive plates, ceramic shorts, burned 
positive tabs, electrolyte leakage, high internal pressure, and 
corrosive deposits internal \y underneath the positive terminal. 
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7. Gulton 6.0 ah. One 5-cell Pack, H4-hour Orbit Period 
(Pack 79A) : 


a. Cell Description: The cells are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. The positive terminal is Insulated from the cell cover by 

a ceramic seal; while the negative terminal is welded to the cover. 
Both are solder type terminals. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 50%. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

March 1964. The pack failed on cycle 545 with four cell failures. 

(a) All cell voltages dropped below 1.0 volt at 
the end of discharge with the original 150 percent of recharge. 
Increase of the recharge to 200 percent after cycle 57, caused the 
end- of- discharge voltages of all five cells to remain fairly constant 
at about 0.9 volt. Two cells failed at 149 and 168 cycles; then the 
end-of-dis charge voltages of the remaining three cells climbed to an 
average of 1.08 volts per cell. The end-of-charge voltages remained 
fairly constant, between 1.39 and 1.40 volts per cell, average, 
throughout life cycling. 

(b) Cell Failures: Analyses of the four cell 

failures showed that all had separator deterioration and blister- 
ing on the positive plates. The first two failures had high inter- 
nal pressure as indicated ay outgassing when opened. The last two 
failures had pinpoint migration which caused shorts through the 
separator. 


(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 


Precycl ing 

6.60 

88 Days 

Disch n 

3.55 

176 Days 

Disch #2 

4.40 

264 Days 

Disch #2 

4.25 

352 Days 

Disch #2 

4.05 

440 Days 

Disch #2 

3.50 
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8. Gulton 6.0 ah. One 10-cell Pack (Pack 6 IB ) : 

. ru a - Cel1 Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. The positive terminal is insulated from the cell cover by a 
ceramic seal, while the negative terminal is welded to the cover 
Both are solder type terminals. 


b. Test Parameters: 


faci 1i ty) : 


(1) Initial Test Parameters (at another test 


(a) Test Temperature: -10° C. 

(b) Depth of Discharge: 10%. 

(c) Orbit Period: 1.5 hour. 


(2) Change in Test Parameters: 
was raised to 0° C after 22,900 cycles at -10° 
faci 1 i ty . 


The test temperature 
C at another test 


c. Parameters and Capacity Checks: 


Orbit Period 1.5-hour 

Temperature 0° 

Depth of Discharge 10% 

Pack Number 6 IB 


Precycling 

Capacity 

5.30 

88 Days 

Disch 

#2 

5.40 

264 Days 

Disch 

#2 

5.45 

440 Days 

Di s ch 

#2 

4.70 

616 Days 

Disch 

#2 

3.75 

792 Days 

Disch 

#2 

3.40 

968 Days 

Di s ch 


2.46 

1144 Days 

Disch 

#2 

3.45 
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Orbit Period 

1 . 5-hour 

Temperature 

0° 

Depth of Discharge 

10% 

Pack Number 

6 IB 

Precycling Capacity 

5.30 

1320 Days Disch #2 

2.45 

1496 Dcys Disch # 2 

2.76 

1672 Days Disch #2 

2.94 


d. Test Results: 

(1) Performance on Cycling: Cycling started at NAD 

Crane in dune 1967. Prior to discontinuation, this pack completed 
27,536 additional cycles at 0°C with one cell failure. The pack was 
discontinued in June 1972 at the request of Goddard Space Flight 
Center. 


(a) The end of discharge voltage is 1.27 volts 
per cell and the percent of rechaf*ge is approximately 105 percent. 

(2) Failure Analysis: Analysis of the one failure 
and four discontinuations revealed heavy carbonate deposits around 
the terminals, high internal pressure, and dryness of the failed 
cell. All but one of the discontinued cells showed adequate to 
very moist separator material. Migration was moderate to extreme. 
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9. Gulton 6.0 ah. One 10-cell Pack, 1 . 5-hour Orbit Period 
(Pack 51B) : 


a. Cell Description: Four of the 10 cells are from 

the same lot of cells used for the Test and Training (TETR) satel- 
lite. These four cells are of the TETR-B type which has only a single 
ceramic seal; the other six cells are of the RAE type which has double 
ceramic seals. In all other respects the 10 cells fit the general 
description of Paragraph I. A. 

b. Test Parameters: 


(1) Cycling Test Parameters: 

(a) Test Temperature: 20° C. 

(b) Discharge Current: 0.10 amperes. 

(c) Charge Current: 0.30 amperes. 

(2) Special Test: At random times the cycling had 
a 1.5-ampere discharge superimposed upon the regular cycle. This 
was done to simulate the type of operation encountered by the TETR 
Satellite. 

c. Test Results: 

(1) Performance on Cycling: Cycling started in 

February 1969. This pack has been discontinued after completing 
21,193 cycles. The 1.5-ampere discharge was superimposed on the 
regular cycling condition at random times and for various lengths 
of time to simulate the conditions encountered in space. Limiting 
conditions were encountered on the four cells from the TETR satellite, 
indicating a deficiency in these cells; thus permitting the TETR 
project office to predict the performance that could be expected from 
the satellite. Because of the simulation of the satellite performance, 
no capacity checks were run on these cells. 


(2) Five of the RAE type cells were 
TETR-C type cells in February 1970. 


replaced with 


. ^ F * llure Analysis : Analysis of cell 2 and cell 7 

shaved that cell 2 had extreme migration and cell was moist as com- 
pared to cell 7. Cell 7's separator was deteriorated more than cell 
2 s and cell 7 had silver migration on the positive port of its 
header. Cell 7 had a single seal whereas cell 2 had a double seal. 
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10. Gulton 6.0 ah (San Marco), One 10-cell Pack: 

a. Cell Description: See Paragraph I. A., page 12. The 

cells were purchased by NASA, GSFC, under LTV Purchase Order Number 
833219 and were manufactured to GSFC's specification number S-761-P-6 with 
waivers given to the ratio and particle size requirement. Plates had 
heavier loading of active material and five cells have a higher amount 

of electrolyte than the other five cells. Initial evaluation test 
results and detailed cell descriptions are contained in NAD, Crane 
Report WQEC/C 75-1. Complete test results are contained in proiect 
report WQEC/C 76-10. 

b. Parameters and Capacity Checks: 


Orbit Period 1.5-r.our 

Temperature (°C) 20° 

Depth of Discharge (%) 25 

Pack Number 6M 

Discontinuance (Cell) 4.2 (2) 

c. Test Results: 


0) Performance on Cycling: Cycling began in September 

1974 and the pack completed 5054 cycles before it was discontinued 
without a cell failure. The cells with the higher amount of electrolyte, 
exhibited higher end of charge voltages and pressures and had higher 
capacities. Three cells were chosen for analysis. 

. (2) Analysis: Migration was more severe in the cell 

with the higher amount of electrolyte. Small blisters and flaking 
of the active material, from the positive plate, was also observed on 
two cells, one each with the lower and higher amount of electrolyte. 
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(3) The following table compares chemical analysis of 
extracted (soxhlet) from the individual cell stacks, and from sample 
patches of the separator material. 


Serial Number 

1090 

1096 

1100 

Amount Electrolyte (cc) 

13.8 

13.6 

18.0 

Total meq* KOH 
per extract (avg) 

109.150 

85.650 

126.070 

Total meq* K?C03 
per extract (avg) 

46.750 

44.090 

44.540 

meq KOH per 
separator patch** 

0.2380 

0.2032 

0.6854 

meq KgCX^per 
separator patch 

0.4928 

0.3655 

0.6032 

Total volume (cc) 
per patch 

1.3289 

1.1773 

1.1889 

Wet Weight (g)*** 

0.2869 

0.2582 

0.3594 

Dry Weight (g)*** 

0.1869 

0.1668 

0.1770 


*meq is the abbreviation of milliequivalents. 

**The separator patch data is an average of four patches sampled; 
one from the first third of the plate stack, two from the center, 
and one from the last third. 

***Wet weight is determined immediately following removal from the cell 
case and prior to leaching in water overnight; dry weight is 
determined following titration and air drying overnight. 
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11. Gulton 12.0 ah (0G0), Six 5-cell Packs: 



a. Cell 

Description: 

See paragraph I. A. 

. page 

12. 


b. Parameters 

and Capacity Checks: 



Orbit Period 



1 .5-hour 



Temperature 

0° 

0° 

25° 25° 

40° 

40° 

Depth of Discharge 

15% 

25% 

25% 40% 

15% 

25% 

Pack Number 

16B 

101B 

27B 96B 

78 A 

90B 

Precycling 

Capaci ty 

14.86 

14.20 

14.10 13.30 

6.80 

11.40 

88 Days 

Disch #2 

13.50 

14.50 

5.90 3.20 

4.30 

5.40 

264 Days 

Disch #2 

14.20 

12.90 

4.10 5.00 

3.30 

3.70 

440 Days 

Disch #2 

13.70 

11.90 

4.80 

3.40 


616 Days 

Disch #2 

13.10 

10.60 

4.00 

5.30 


792 Days 

Disch #2 

12.70 

9.00 

3.90 



968 Days 

Disch #2 

11 .80 

9.00 




1144 Days 

Disch #2 

11.50 

8.80 




1320 Days 

Disch #2 

10.50 

8.10 




1496 Days 

Disch #2 

10.30 

7.80 




1672 Days 

Disch #2 

9.00 

8.00 




1848 D^ys 

Disch #2 

10.20 

7.68 




2024 D^ys 

Disch #2 

9.50 

6.78 




2200 Days 

Disch #2 

9.20 

6.20 




2376 Days 

Disch n 

8.50 





2552 Deys 

Disch #2 

9.00 





2729 Days 

Disch #2 

NA 





2905 D^ys 

Disch n 

8.54 





3159 Days 

Disch 

8.12 
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c. Test Results: 


]anllaru on Cycling: Cycling was started in 

January 1966. Pack 16B failed on cycle 50,727 following the shortina 
t f' ree ce i s ‘ *° failures had occurred prior to environmental 
iniR^Iiiir Mtlr, i on 'i-cle 50,431 • Pack * 27B > 96B > 78fl > 90B, and 
respectively ? 0 ^ ’ ’ 5152 ’ 11 * 081 * 5124 > and 38 ’ 110 


rol1(< . . .. (2) Failure Analysis: Analysis of the 19 failed 

ells showed the major cause of failure to be separator deterioration 
and migration of the negative plate material. Other conditions found 
elertrnivtl n i :er u al pres * ure ’ blistering on the positive plates, 

deposition ihe n^atfv'e ^m'aK tiVS maten ' al 6XtGrnal carbonate 

‘■ASS w6?o?pT“E, m,sr ’*’ ,r " 


Total meq* KOH per extract (avg.) 145.045 

Total meq K 2 CO 3 per extract (avg.) 104.280 


meq KOH per separator patch ** 
Total volume (cc) per patch 
Wet Weight (g)*** 


.307 

1.994 

.5961 


Dry Weight (g)*** 


.4190 


*meq is the abbreviation of milliequivalents 
**The separator patch data is an average of four catches samnlea 

£ ’Z £ KJ “• »’■“ * S 3f- 

following titration and air drying overnight. 9 “etermined 
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12. fiulton 20 ah (DAO, Orb it inn Astronomical Observatory), 
One 10-cell Pack: 


a. Cell Description: See paragraph I. A. 

b. Parameters and Capacity Checks: 


Orbit Period 1 

.5 -hour 

Temperature 

10° 

Depth of Discharge 

15% 

Pack nuniuer 

23B 

88 Days (all Cells) 

22.1 

237 Days (Cells 1 & 2) 

18.3 

377 Days (Cells 5 & 6) 

18.7 


Test Results 


February 1971 ° n Cyc ] in 9 : Cycling was started in 

reoruary jy/i. a cell failure occurred after 8248 rvrip>c an H ' 
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13. Gulton 20 ah (OAO), One 5-cell Pack: 

a. Cell Description: See paragraph II. A. 

b. Parameters and Capacity Checks: 

0) Orbit Period: 1.5-hour. 

(2) Test Temperature: 10° C. 

(3) Depth of Discharge: 15%. 

(4) Pack Number: 35B. 


Pre Cycling 
527 Days (Cell) 
646 Days 

c. Test Results: 


24.1 

35.0 (5) 

31.8 (Pack Discontinued) 


February 1971. ir 

by God r d1rd P lpa r ce%i\-gh d t 1 c1nt n er nUat10n in N ° Vember 1972 ’ as ^este 
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14. Gulton 50 ah. Two 5-cell Packs, 1.5-hour Orbit Period: 

icily sealed, -tabular, h.n«t- 


b. Test Parameters: 

Pack Test 

Number Temperature 


Percent Depth 
of Discharge 


25 

25 


95A 0° C 

123A 40° C 

c. Test Results: 

(1) Performance on Cycling: Cycling was started 


in June 1964. 


sm srai 

the first two failed relic 1 ^ ack ' The separator in each of 
positive failS ft'? »e 

blisters, and separators impregnated^^ th'nega^viMatTl^^al . 

first cell failure oSrre? ? c,es when the 

charge and the recharge Two addUi’^ re, f h dU ^ 9 the dis ' 

had bulged cases from hioh^nteme^ ‘ The three failed ce1,s 

still under prlssu™ and the th?rd KS S » Ure i two ° f wh1ch were 
positive terminal. *" th d had a carb °"ate deposit at the 
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nn tho v ^ Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 

(a) Pack 95A: 


Precycling 54.6 
88 Days Disch #2 59.6 
176 Days Disch #2 45.4 


Tr-J Si,^ SKr!^. 
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15. GE, 4.5 ah, (ERTS, Earth Resources Technology Satellite), 
One 10-cell Pack: 26E 

a. Cell Description: The cells are cylindrical and the 

covers are stainless steel. The positive terminal is insulated from 
the cover by a ceramic seal and protrudes through the cover as a 
solder- type terminal. The negative terminal is a stainless steel tab 
to which the negative lead is soldered. There are three such tabs, 
any one of which may serve as the negative terminal. In addition, 
the bottom of the stainless steel container is slightly rounded (come 
shaped) in a convex manner. At the center of the dome is a threaded 
stud designed to affix the cell to a heat sinking fixture when 
installed in the satellite. 

b. Parameters and Capacity Checks: 


Orbit Period 1.5-hour' 

Temperature 20° 

Depth of Discharge 13% 

Pre-cycling Capacity 5.65 

5.90 


131 Days {Cells 1 & 2) 7.10 

137 Days (Cells 1 & 2) 7.0Q 

c. Test Results: 

(1) Performance on Cycling: Cycling started in 

February 1972 and was discontinued in September 1973 after completing 
9423 cycles. This pack received excessive overcharge during cycles 
4331 to 4631, due to environmental chamber malfunction in which the 
ambient temperature reached 28°C. This resulted in extreme cell 
imbalance for the remainder of its life test. 

(2) Capacity Tests: Pack was scheduled for 

capacity test of 2 cells every 365 days. Special capacity tests were 
performed after 131 and 137 days as requested by the Project Technical 
Officer (GSFC). 


(3) Failure Analysis (Cells 4 and 9): No pressure and 

severe migration. 
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(Pack 93A): GE ,2 '° ah > 0ne s -“" Pack, 24-hour Ort.1t P erio d 
shape The «11 ^onta^neTa^d^ha ™?, Cens are rectangular in 

b • Tes * Parameters: 

0) Test Temperature: 25 ° c 
(2) Depth of Discharge: 50%. 
c * Test Results: 

"■"* ,SM - ™ ls n i,2 r SrS;“ 1 ” Cycling »« , t , rtId , 

s.rsji E t of - 

i‘£rB? & 

SKKSSg^gSg. 

=.m d „ d 
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separator deterioration and migration of the negative plate material. 
All cells showed signs of leakage around the terminals but no weight 
loss was detected. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 


Pre cycling 



25° C 

13.0 

100 Days 

Disch 

#2 

25° C 

7.60 

231 Days 

Disch 

#2 

40° C 

6.50 

339 Days 

Disch 

# 2 

40° C 

5.00 
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17. Sonotone 3.0 ah (Triple Seal), Six 5-cell Packs: 

a. Cell Description: The cell container and the cell 
cover of these cylindrical cells are made of stainless steel. Two 
stainless steel tabs, welded to the cover, serve as the contacts 
for the negative terminal. The positive terminal is a solder type 
extension of the positive plate tab extending through the "negative" 
cover and insulated by a ceramic seal between two glass to metal 
seals to form a triple seal. Two ring indentations, about 1/32 
inch deep, located about 1/2 inch from each end of the cell, were 
crimped after cell assembly to hold the element snugly in the 
cylindrical can to withstand vibration. 


b. Parameters and Capacity Checks: 


Orbit Period 




1 .5- hour 




Temperature 


0° 

0° 

25° 

25° 

40° 

40° 

Depth of Discharge 

15% 

25% 

25% 

40% 

15% 

25% 

Pack Number 


43B 

31B 

3B 

2B 

26B 

37B 

Precycling 

Capacity 

3.23 

2.88 

3.35 

3.60 

3.53 

3.48 

88 Days 

Disch 

#2 

3.55 

3.05 

1.40 

1.32 

1.10 

1.05 

264 Days 

Disch 

#2 

2.63 

2.67 

1.50 

1.62 

0.90 

1 .05 

440 Days 

Disch 

#2 

3.27 

2.12 

1.28 




616 Days 

Disch 

#2 

3.00 

2.67 

1 .30 




792 Days 

Disch 

#2 

2.50 

2.37 





968 Days 

Disch 

n 

2.32 

2.27 





1144 Days 

Disch 

#2 

2.10 

2.10 





1320 Days 

Disch 

#2 

2.35 

1.85 





1496 Days 

Disch 

n 

2.70 

1.95 





1672 D^ys 

Disch 

#2 

2.37 

1.37 
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Orbit Period 



1.5-hour 




Temperature 

0° 

0° 

25° 

25° 

40° 

o 

o 

Depth of Discharge 

15% 

25% 

25% 

40% 

15% 

25% 

Pack Number 

43B 

31 B 

3B 

2B 

26B 

37B 


1848 Days Disch #2 2,30 
2024 Days Disch #2 2,40 
2200 Days Disch #2 2.10 
2376 Days Disch #2 1.62 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

July 1965. Pack 43B has completed 37,969 cycles with one cell 
failure, and was discontinued in April 1972. Packs 31 B, 3B, 2B, 

26B and 37B failed on cycles 28,074, 11,726, 5399, 6289 and 5625, 
respectively. 

(2) Failure Analysis: Analysis of the 18 failed 

or discontinued cells showed that the major causes of failure were ^ 
due to separator deterioration, migration of negative plate material 
and excessive scoring. Other conditions found were weak positive 
tab-to-plate welds, electrolyte leakage, pierced separator by grid 
wires and plate tabs, high internal pressure and loosened positive 
active material. 
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18. 


Sonotone 3.5 ah, One 10-cell Pack: 


°fL S tH 1nleSS ^ te ^ V One C stainl°ess Iteel tlb Cells made 

for the negative connection Th» nneiv ^ ^ welded to the cover 

of the positive tab ^ s insllate^fr™ tJ en,,,na1 - ,s an ex ^nsion 
ceramic seal. Two rinn I'nnin+i* ed from net Jative cover bv a 

approbate!* l/ 2 inch 9 frofe-toerend a o? U t t hl / rf 1 ? nCh deep ’ 1 ocated 
after ceil assembly to hold the element snug?y^n thTcy^ricT 60 


b. Parameters and Capacity Checks: 
Orbit Period 
Temperature* 

Depth of Discharge 
Pack Number 

Precycling Capacity 3.18 
88 Days Disch #2 3.09 
264 Days Disch #2 2.95 
440 D^ys Disch §2 2.60 
616 D^ys Disch §2 2.77 
792 Days Disch #2 3.06 
968 Days Disch #2 2.73 
1144 Days Disch §2 2.68 
1320 Days Disch #2 2.60 
1496 Days Disch #2 2.77 
1672 Days Disch #2 2.25 


1 . 5-hour 
0 ° 

10 % 

15B 


at irJ h r t f St tem Peratune was raised ti 
at -10 C at another test facility? 


C after 22 ,900 cycles 
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c. Test Results: x 

(1) Performance on Cyclirig: This pack completed 
26,353 cycles prior to its discontinuation in June 1972 with no 
cell failures. 


(a) The end-of-dis charge voltage is 1.25 volts 
par cell but the percent of recharge shows some variations between 
100 and 105 percent with a corresponding variation in the end-of- 
charge voltage. 


d. Analysis: The 5 cells analyzed revealed green 

deposits around the positive terminals, high internal pressure, _ 
migration of cadmium through separator and separator deterioration. 
The cells had adequate moisture from electrolyte. 
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B. Silver-Zinc Types: 

1. Astropowar Division of McDonnell -Douglas 5.0 ah. Four 
10-cell Packs: 


a. These cells are sealed, but are provided with vent 
caps designed to vent the cell at i pressure of 40 psig. The cells 
are rectangular, with cell jars and cell covers molded of plastic. 
The zinc electrodes are encapsulated in an inorganic separator. 

The silver electrodes are separated from the inorganic separator by 
pel Ion. A small volume of epoxy potting material is poured into 
the cell jars just prior to the insertion of the electrodes and 
prevents movement of the electrodes. The cell top is then sealed 
to the cell jar by means of epoxy potting. The fill port is 
sealed by means of a screw and rubber 0-ring. 


b. Test 

Parameters : 



Pack 

Number 

Test 

Temperature 

Percent Depth 
of Discharge 

Orbit 

Period 

25B 

20° C 

25 

1.5 

25C 

20° C 

25 

12.0 

37 D 

40° C 

25 

12.0 

47 D 

40° C 

25 

1.5 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
December 1969 for Packs 25B and 47D; and in February 1970 for packs 
25C and 37D. Packs 25B, 47D, 25C, and 37D failed on cycles 681, 2013, 
567 and 391 eyries* respectively. As requested by NASA, Lewis 
Research Cente. each pack was cycled until all cells failed. 

(2) Failure Analysis: Analysis of the 40 failed 

cells shewed that 22 cells had cracked inorganic separators due to 
a shape change of the zinc plate. Cells that were life-cycled at 
40° C were dry compared to cells that were cycled at 20° C. The 
zinc plates of all the cells were found in a discharged condition. 

Only 10 cells had charged silver plates of which eight had been 
life-cycled at the 90-minute orbit period. Twenty-seven cells had 
carbonate deposits either around the negative or postive terminals, 
fill hole, or pressure relief valve. 
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on the precycling'L^capacity "check cycles^re^sXl ,T S ? Mes 


Orbit Period 

1 . 

5-hour 

Temperature 

20° 

40° 

Depth of Discharge 

25% 

25% 

Pack Nunber 

25B 

47 D 

30 Days 

1.18 

3.50 

60 Deys 


1.25 

90 Days 


1.25 

120 Days 


1.21 

Orbit Period 

12-hour 

Temperature 

20° 

40° 

Depth of Discharge 

25% 

25% 

Pack Number 

25C 

37D 

50 Days 

4.29 

4.50 

100 Days 

0.12 

1.75 

150 Days 

1.25 

2.50 

200 Days 

4.07 

1.25 

250 Days 

2.50 



145 


WQEC/C 77-87 


2. Delco-Reny 25.0 ah. Two 5-cell Packs, 24-hour Orbit 

Period: 


a. Cell Description: 

(1) Pack 89A: Manufacturer's Standard Model. 

These cells are rectangular in shape with the cell containers and 
cell covers of nylon. The cells were epoxy potted into 5-cell 
packs by the manufacturer. 

(2) Pack 75A: Same as standard model, Pack 89A 5> 
except for the addition of one percent of palladium to the positive 
plate material . 

b. Test Parameters: Both packs were cycled at the 
test parameters listed below: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Period: 24 hours. 

c. Test Results: Cycling was started in September 1964. 

(1) Pack 89A (Standard Model) failed on cycle 80. 

(2) Pack 75A (Palladium in Positive Plates) failed 

on cycle 32. 

(3) Both packs were returned to the manufacturer 
for failure analysis. 

3. Delco-Remy 25.0 ah. Two 5-cell Packs, 3-hour Orbit 

Peri od : 


a. Cell Description: 

(1) Pack 88B: Standard model as Pack 89A, except 
for the addition of one percent palladium in the positive plate 
material and the use of 2.2xH Radiation Application Company's 
separators . 


146 


WQEC/C 77-87 


- *u jj.x- ^ Z i Pack 88C: staf idard model as Pack 89A, except 
for the addition of one percent palladium in the positive plate 

material, and the use of a 45 percent NaOH solution as the electro- 
lyte. 

b. Test Parameters: Both packs were cycled at the 
test parameters listed below: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Period: 3 hours. 

c. Test Results: Cycling was started in March 1965. 

. . (1) Pack 88B : One cell failed on cycle 100, The 

remaining cells still functioned on cycle 120; at which time the 
pack was removed from test. 


325. 


(2) Pack 88C: Pack 88C was discontinued on cycle 


for analysis ^ B ° th pa ^ ks were returned to the manufacturer 
Period (Packl5B°: Ren,y 4 ° - ° ^ 0ne 5 - ce11 Pack ’ 24 - hour 0*1* 


T , a * Cel1 Description: Manufacturer's Standard Model 

These cells are rectangular in shape with the cell containers and 

£ e I]i? 0ver ? ? f !X lon ‘ These cells were e P° x y Potted into one 
5-cell pack by the manufacturer. 


b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

(3) Orbit Period: 24 hours. 
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c. Test Result;: Cycling was started in October 1964. 

One cell failed while the pack was being prepared for test; a second 
cell failed on cycle 34. The remaining three cells still functioned 
on cycle 139; at which time the pack was removed from test. 

5. Yardney 12.0 ah, One 10-cell Pack, 24-hour Orbit 
Period (Pack 9 A) : 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the containers and covers of plastic material. 
They contained a limited amount of electrolyte. The cells were 
individually epoxy potted to hermetically seal them. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 42%. 

(3) Orbit Period: 24 hours. 

c. Test Results: Cycling was started in May 1965. One 

cell failed on cycle 53. Three additional cells failed on cycle 58. 
Following removal of the failed cells, the remaining cells did not 
respond to eye 'mi g; thus failing the pack. 
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C. Silver-Cadmium Types: 

1. Electromite 7.0' ah (IMP), One 4-cell Pack: 

a. Cell Description: The cells are rectangular in 

shape. The cells’ containers are made of polystyrene and have a 
metal /pi as tic type of seal around their terminals. The cells were 
epoxy potted into a 4-cell pack. 

b. Parameters and Capacity Checks: 


Orbit Period 

8-hour 

Temperature 

ro 

o 

o 

Depth of Discharge 

30% 

Pack Number 

104C 

88 Days 

4. 1C 

264 Days 

7.47 

352 Days 

8.13 

528 Days 

7.70 


c. Test Results: 

(1) Cell number 3 was found to have a high internal 
resistance and did not start life cycling. 

(2) Performance on Cycling: This pack completed 

1380 cycles with no cell failures prior to discontinuation in 
March 1972. 


d. Analysis: Analysis of 4 discontinued cells revealed 

discharged positive plates, silver migration throughout separators 
and absorbers, excess electrolyte, and mushy material at the top of 
some cadmium plates. 
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o u nJl* Inc ; 8,0 a ^ (Silver-Cadmium), One 5-cell Pack, 
8-hour Orbit Period (Pack IB): 

nfl T , a * Description: These cells are rectangular in 

shape. The cell jars and cell covers are molded of a plastic 

Ea ™ ,i s equipped with a pressure gage, auxiliary 
electrode, and cellophane bellows. The auxiliary electrode is 
recombination only. The plastic bellows, located 

M i*idTthe 2i “ ’ 15 usec t0 contro1 the electrolyte 


b. 


cell, average. 


Test Par an ':ers: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 25%. 

(3) Charge Voltage Limit: 1.51 +0.03 volts per 


(4) Orbit Period: 8 hours, 
c. Test Results: 


September 1966. 
cycl es . 


(1) Perfor., -nee on Cycling: Cycling was started in 
I his ; icL 3i led in June 1970 after completing 3875 


. . x , UJ Failure ^llysis : Analysis tv 

showed one to develop high pressure resulting in t 
the plastic case. All cells showed excessive miqr 
active (mushy) material, separator deterioration', 
deposits around the outside negative terinal, and 
ness of the positive plates. 


3 three cells 
’upture of 
i, loose 
~ on ate 

r' reme brittle- 


^ (3) Capacity Checks: The 

on the precycling and capacity check cycl 


ampere-hour capacities 
es are as follows: 
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3. Yardney 3.0 ah (FR-1), One 9-cell Pack, 1.5-hour Orbit 
Period (Pack 2C): 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the cell jars and cell covers molded of a 
plastic material. The cells were epoxy potted, by the manufacturer, 
into a metal container like that used in the French satellite FR-1. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 16 .67%. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
September 1966. This pack completed 7039 cycles before several 
cells blew up destroying the pack. The end-of-discharge voltage 
had been very consistent at 1.08 volts per cell, average. The per- 
cent of recharge was very close to 100 percent. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 


Precycling Capacity 

2.52 

88 Day Discharge 

* 

176 Day Discharge 

0.85 

264 Day Discharge 

0.87 

352 Day Discharge 

0.67 


* First 88 day capacity check not 
performed because of equipment 
malfunction. 
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4. Yardney 5.0 ah. Four 5-cell Packs: 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with cell jars and cell covers molded of a plastic 
material. The separator material is pellon and cellophane. The 
cells were individually epoxy potted at the Goddard Space Flight 
Center to hermetically seal them. 

b. Parameters and Capacity Checks: 

Orbit Period 24- hour 


Temperature 

0° 

25° 

25° 

o 

o 

*3- 

Depth of Discharge 

20% 

20% 

20% 

20% 

Pack Number 

113B 

77B 

105B 

128B 

Precycling Capacity 

4.08 

5.02 

4.95 

6.47 

100 Days 

5.27 

4.92 


5.53 

300 Days 

4.67 

4.67 



500 Days 

4.03 

1.25 



700 Days 

4.03 




9 GO Days 

5.42 




1100 Days 

4.75 




1300 Days 

A 

6.10 




a 

c. Test Results: 






(1) Performance on Cycling: Cycling was 

started in January 1967. Packs 113B, 77B, 105B, and 128B 
failed on cycles 661, 77, 269, and 2542, respectively. 

(Prior to start of this test. Packs 77B and 105B /are cycled 
at Goddard Space Flight Center for aoout 1 year. Most of 
that "cycling" was continuous float.) 
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■m < 2 ) Failure Analysis: Analysis of the 12 failed 

cells shewed that the failures were due td silver midration and 
separator deterioration which resulted in internally shorted cells. 
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5. Yardney 5.0 ah (C-3 Separator), Three 5-cell Packs, 
24-hour Orbit Period: 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the cell containers and cell covers of plastic 
material. The plates were insulated with C-3 separators. The cells 
were epoxy potted into 5-cell packs, at the Goddard Space Flight 
Center, in order to hermetically seal them. 

b. Test Parameters: 


Pack 

Test 

Percent Depth 

Number 

Temperature 

of Discharge 

57B 

o 

o 

o 

20 

21 A 

25° C 

20 

45A 

40° C 

20 


c. Test Results: 

(1) During cycle life, the end-of-discharge voltage 
of the packs, remained around 1.09 volts per cell, average; whereas 
the approximate percentage of recharge increased from 105 to 115 
percent. 


(2) Performance on Cycling: Cycling was started in 

September 1965. Packs 57B, 21A and 45A failed on cycles 267, 98 
and 61 respectively. 


(a) Pack 57B: One cell failed on cycle 138, 
and two on cycle 267. 

(b) Pack 21A: One cell failed on cycle 90, and 

two on cycle 98. 

(c) Pack 45A: The pack failed on cycle 61 
because of severe leakage. 

(d) The three packs were returned to Goddard 
Space Flight Center for analysis. 

(3) Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 
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PRECYCLING AT'JD CAPACITY CHECKS 


Orbit Period 


24-hour 


Temperature 

0° 

25° 

o 

O 

<3- 

Depth of Discharge 

20% 

20% 

20% 

Pack Number 

57B 

21 A 

45A 

Precycling Capacity 

3.67 

5.80 

6.00 

100 Days 

1.83 

0.76 


200 Days 

1.33 
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6. Yardney 5.0 ah (Cellophane Separator), Two 5-cell 
Packs, 24-hour Orbit Period: 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the cell jars and cell covers molded of a 
plastic material. The separator material is cellophane (C-19). 

One of they5-cell packs (Pack 9C) had been subjected to gama radia- 
tion (2x10 rads). The cells were epo\v potted into 5-cell packs 
at the Goddard Space Flight Center. 

b. Test Parameters: 

Pack Test 

Number Temperature 

9C 25° C 

33B* 25° C 

* Control Pack 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
October 1965. Cycling on Pack 9C was discontinued on cycle 34, and 
Pack 33B failed on cycle 720. 

(a) Pack 9C: One cell failed on cycle 34. 

Since the separator material of the cells in this pack had been 
subjected to gama radiation, the pack was returned to Goddard Space 
Flight Center for analysis. 

(b) Pack 33B: Two cells failed on cycle 720. 
While the pack was removed from cycling to disconnect the two 
failed cells, the three remaining cells failed. The pack was 
returned to Goddard Space Flight Center for analysis. 

(2) Capacity Checks: The ampere-hour capacities 
of Pack 33B on the capacity check cycles are as follows: 


100 Days 

5.85 

200 Days 

6.13 

300 Days 

6.35 

400 Days 

5.48 

500 Days 

2.08 

600 Days 

1.88 

700 Days 

1.00 




Percent Depth 
of Discharge 

20 

20 
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7. Yardney 5.0 ah (Pellon Control Separator), One 5-cell 
Pack, 24-hour Orbit Period (Pack 69A): f 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the cell jars and cell covers molded of a 
plastic material. The plates of the cells are insulated with 
Pellon control separator material. Each cell has a pressure gage 
for monitoring internal cell pressure. The cells are individually 
epo*y potted to hermetically seal them. ■ 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 20%. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 
October 1965. This pack failed on cycle 595 with its third cell 
failure, and was returned to Goddard Space Flight Center for analysis. 
There w«js very little variation in both the average end-of-dis charge 
and end-of-charge cell voltages until the first cell failure at cycle 
494. Also the internal pressure as read on the gages was very low. 

_ (2) Capacity Checks: The ampere-hour capacities on 

the capacity check cycles are as follows: 

100 Days 4.95 

200 Days 4.17 

300 Days 3.20 

400 Days 4.42 

500 Days 1.02 

600 Day's 2.08 
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8. Yardney 5.0 ah. Two 5-cell Packs, 8-hour Orbit Period: 


a. Cell Description: These are vented cells, rectan- 
gular in shape, with cell jar and cell cover molded of a plastic 
material. The separator material is pellon and cellophane. The 
cells were individually epoxy potted at the Goddard Space Fliqht 
Center to hermetically seal them. 


b. Test Parameters: 


Pack 

Test 

Percent Depth 

Number 

Temperature 

of Discharge 

114B 

0° C 

20 

r<8c 

25° C 

20 


c. Test Results: 


(1) Performance on Cycling: 
in January 1967. Packs 114B and 118C failed 
1505 respectively. 


Cycling was started 
on cycles 1496 and 


, . ( a ) Pack H4B: r ailure of three cells, all on 

cycle 1496 was due to silver migration and separator deterioration. 


.. . (b) Pac k H8C: Failure of three cells, all due 
to silver migration and separator deterioration, occurred relatively 
close together— at cycles 1468, 1491 and 1505. 


(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 
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PRECYCLING AND CAPACITY CHECKS 
Orbit Period 8-hour 


Tenperature 

0° 

25° 

Depth of Discharge 

20% 

20% 

Pack Number 

1 14B 

118C 

. Precycling Capacity 

4.08 

5.70 

30 Days 

4.00 

5.37 

60 Dc*ys 

3.10 

5.42 

90 Days 

2.50 

5.32 

120 D^ys 

2.90 

6.48 

150 Dc*ys 

2.98 

6.25 

180 Days 

3.45 

5.20 

210 Days 

2.48 

6.55 

240 Days 

1.55 

6.35 

270 Days 

1.75 

5.83 

300 De^ys 

1.17 

5.07 

330 Days 

1.65 

6.33 

360 Days 

1.18 

5.73 

390 Days 

2.40 

5.68 

420 Days 

1.00 

5.97 

450 Days 

0.90 

3.32 
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9. Yardney 10 ah. One 5-cell Pack, 8-hour Orbit Period, 
(Pack 45 D) : 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with cell jars and cell covers molded of a plastic 
material. The cells were individually epoxy potted at the Goddard 
Space Flight Center in order to hermetically seal them. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 30%. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

May 1967. This pack failed on cycle 1759. Failure of the three 
cells, all due to silver migration and separator deterioration, 
occurred at cycles 1666, 1756 and 1759. 

(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

Precycling Capacity 13.50 


30 Days 

8.90 

60 Days 

9.60 

90 Days 

7.10 

120 Days 

8.45 

150 Days 

9.25 

180 Days 

8.50 

210 Days 

7.70 

240 Days 

10.00 

270 Days 

9.55 

300 Days 

10.60 

330 Days 

8.75 

360 Days 

5.60 

390 Days 

4.35 

420 Days 

5.60 

450 Days 

4.65 

480 Days 

3.15 

510 Days 

6.05 

540 Days 

3.15 
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10. Yardney 10 ah { ISEE-International Sun Earth Explorer, 
formerly IME), Silver-Cadmium, One 5-cell Pack: 

a. Cell Description: The cell case is rectangular and 

made of plastic (polystyrene). The terminals are of gold-plated brass 
and sealed in epoxy potting. The separator wrapped around the negative 
(cadmium) plate is woven nylon; that about the positive (silver) Plate 
is C-19 cellophane. H 

b. Parameters and Capacity Checks: 


Orbit Period* 

8.0-hours 

Temperature (°C) 

20° 

Depth of Discharge (%) 

25 

Pack Number 

57E 

Precycling Capacity 
(average) 

9.64 

42 Days 

8.02 

62 Days 

7.62 

112 Days 

8.03 

163 Days 

7.27 

215 Days 

6.01 

273 Days** 

3.72 

323 Days 

6.00 

372 Days 

4.90 

423 Days*** 

5.23 


D 

*0rbi t period changed to 12-hnur period after 
340 cycles. 

**Cell 1 discontinued following capacity check. 

***Cel1 5 discontinued prior to capacity check. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

August 1973 and the pack completed 1124 cycles, with two cells discontinued 
due to low capacity (cycles 822 and 1038), before it was discontinued. 

(2) Failure Analysis: The pack was returned to 

the GSFC for analysis. 
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Period: 11 ' Vardney n -° “>». Two 10-cell Packs, 24-hour Orbit 

ar ^»«a-ffw?s aSs & 


b. Test Parameters: 

Pack Test 

Number Temperature 

45B go c 

21 B 25° C 

Test Results: 


Percent Depth 
of Discharge 


40 

40 


c. 


November 1966. 


T ftnirt - 


Temperature 
Pack Number 
Precycling Capacity 
100 Days 


0 ° 

45B 

9.26 

5.91 


25° 

21B 

11.46 
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12. Yardney 11 ah. Two 5-cell Packs, 8-hour Orbit Period: 

a. Cell Description: These are vented cells, rectan- 
gular in shape, with the cell jars and cell covers molded of a 
plastic material. The cells were epoxy potted into 5-cell packs 
at the Goddard Space Flight Center in order to hermetically seal 
them. The cells of pack 21C have pellon (2505K) separators, and 
those of pack 45C have woven nylon separators. 

b. Test Parameters: 


Pack 

Test 

Percent Depth 

Number 

Temperature 

of Discharge 

21C 

25° C 

27 

45C 

25° C 

27 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

March 1967. Packs 21C and 45C failed on cycles 37 and 70 respec- 
tively. Several cells in each pack developed high internal pressure 
which resulted in breakage of those cell jars and the epoxy potting. 

(2) Capacity Checks: The precycling capacities for 

Packs 21 C and 45C were 8.40 and 9.45 ampere-hours respectively. 
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13. Yardney 11.0 ah (Silver- Cadmium) , three 5-cell Packs: 

a. Cell Description: These cells are rectangular in 
shape. The cell jars and covers are mads of a plastic material. 

An auxiliary electrode (acSiydrode type) was installed in each cell 
by Goddard Space Flight Center before being individually epoxy 
potted with a wrap of fiberglass material to hermetically seal and 
strengthen them. The auxiliary electrode is used for gas recombi- 
nation only. 


b. Parameters and Capacity Checks: 


Orbit Period 


24-hour 


Temperature 

0° 

ro 

tn 

o 

40° 

Depth of Discharge 

18% 

18% 

18% 

Auxiliary Electrode 
Resistor (Ohms) 

1 

1 

1 

Pack Nun&er 

57D 

69B 

33C 

100 Days . 

4.10 

7.55 

8.70 

300 Days 

4.10 

3.50 

5.15 

450 Days 

8.35 

1.85 


600 Days 

3.95 



800 Days 

2.90 



looo Days 

6.75 

t 


1200 Days 

3.00 



1400 Days 

4.55 



1600 Days 

3.65 



c. Test Results: 





(1) Performance on Cycling: Cycling was started in 

February 1968. Packs 57D, 69B and 33C failed on cycles 1740, 507 
and 447 respectively. 
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( 2 ) failure Analysis: Analysis of the nine failed 

cells showed the major cause of failure to be loose negati ve material , 
migration of the negative plate material and separator deterioration . 
Otner conditions found were weak tab -to- pi ate weld:, and electrolyte 
leakage . 
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14. Yardney 12.0 ah. Two 10-cell Packs, 24-hour Orbit 

Period: 


a. Cell Description: These are double sealed rectan- 
gular cells. That is, each sealed polystyrene cell is encased in 
a hermetically sealed stainless steel container. 


b. Test Parameters: 


Pack 

Number 

Test 

Tenperature 

Percent Depth 
of Discharge 

57A 

o 

0 

o 

50 

33A 

40° C 

50 


i 


c. Test Results: 


February 1964. 


(1) Performance on Cycling: Cycling was started in 
These packs failed on cycles 168 and 210. 


(a) Pack 57A: Low end-of-d is charge cell volt- 
ages began on cycle 31 and continued erratically until the pack 
failed on cycle 168. Although cell voltages had frequently fallen 
below the 0.5 volt failure point, they had not been classed as fail- 
ures earlier because of their erratic behavoir. After completion of 
162 cycles, electrolyte had leaked out and formed a pool over the 

Ce 1S ’ thUS shortin 9 thera out. The 10 cells were cleaned 
after which seven were returned to cycling. All seven cells leaked 
again after six additional cycling. 


fa-iiinn iic u Pack 33 ^ : . T he P^ ateau voltage of the non- 

tai ling cells on discharge was fairly steady at about 1.06 volts 

SnH the fl i5 t 11( i cycles W1 ‘ th little or no drop off at the 

the P lateau voyage began to drop 
Thfc end- of-dis charge voltage became quite erratic. 

This pack failed on cycle 210. All of the failed cells had dried 
out because of electrolyte leakage. 


capacity cnecxs : ine ampere-hour ca 
the precycling and capacity check cycles are as follows: 




Pack Number 

57A 

33A 

Precycling Capacity 

13.8 

13.5 

140 Days Disch #2 

8.6 

12.0 
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15. Yardney 12.0 ah. Three 5-cell Packs, 1.5-hour Orbit 

Period: 

a. Cell Discription: These are vented cells, rectan- 
gular in shape, with cell jars and cell covers molded of a plastic 
material. The cells were individually epoxy potted to hermetically 
seal them. 

b. Test Parameters: 

Pack Test 

Number Temperature 

85B -20° C 

97B 0° C 

82B 25° C 

c. Test Results: 

(1) Performance on Cycling: Cycling was stated in 

January 1966. Pack 85B failed on cycle 2375, pack 97B on cycle 
4481, and pack 82B on cycle 4559. Due to poor charge acceptance at 
-20° C the end-of-dis charge voltage dropped below 0.8 volt per cell. 
On cycle 214, the test temperature of pack 85B was increased to 

40° C with a voltage limit of 1.55 volts per cell, average. The 
pack then cycled satisfactorily with the end-of-dis charge voltage 
being approximately 1.06 volts per cell. The end-of-discharge volt- 
age of pack 97B and 82B was also approximately 1.06 volts per cell. 

(2) Failure Analysis: Analysis of the 10 failed 
cells showed the cause of failure to be silver penetration of the 
separator resulting in an internally shorted cell. 

(3) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 


Percent Depth 
of Discharge 

25 

25 

25 
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PRECYCLING AND 

CAPACITY 

CHECKS 


Orbit Period 

1 

.5-hour 


Temperature 

-20°* 

0° 

25° 

Depth of Discharge 

25% 

25% 

25% 

Pack Number 

85B 

97B 

82B 

Precycling Capacity 

5.40 

9.00 

13.30 

88 Days 

13.80 

** 

4.50 

176 Days 

8.70 

3.50 

2.90 

264 Days 

13.70 

5.70 

3.30 

352 Days 

9.60 

3.70 


* Cycle 214 changed 

to 40° 

C 



** Capacity check not performed due to low 
voltage on several cells. 
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IV. CELLS USING SOPHISTICATED CHARGE CONTROL METHODS AND DEVICES 
A. Auxiliary Electrode: 

1. Eagle-Picher 6.0 ah, (Nickel -Cadmium, Separator Test), 
Eight 6-cell Packs, One 8-cell Pack and One 6-cell Replacement Pack: 

a. Cell Description: See Paragraph I. A., page 12. 

b. Purpose of Test: This experiment is designed to 
test various types of separator material (listed in following table) 
while on life cycling. All the usual parameters (temperature, depth 
of discharge, and orbit period) are held constant. 

c. Parameters and Capacity Checks: 
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Orbit Period 





1.5- 

-hour 





Temperature 

20° 

20° 

20° 

20° 

20° 

20° 

20° 

20° 

20° 

20° 

Depth of Discharge 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

25% 

Trip Voltage (MV) 

No auxi 

liary 

electrode control, 1 

.55 volt 

limit 

for protection. 


Auxiliary Electrode 
Resistors (Ohms) 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

Type of Separator 

(1) 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Pack Number 

2D 

2E* 

14E 

26D 

38F 

22C 

46C 

49B 

31 C 

25 D 



C TIC 



6.54 

7.44 

7.44 

7.35 

7.14 

7.50** 

88 Days 


o.4o 
o oo 



5.25 

6.60 

7.41 

7.44 

6.30 

7.26 

176 Days 


o.jy 

r 



5.40 

6.54 

7.50 

6.84 

6.75 

7.41 

264 Days 
352 Days 


D. 04 

7.26 



6.06 

5.76 

7.26 

6.99 

5.34 

6.99 


(1) Kendall, E1451AR, ppl. 

(2) Kendall, E1451W, ppl. 

(3) Kendall, E1451T , ppl. 

(4) GAF, Hex 1242AR, ppl. 

(5) GAF, Hex 1242W, ppl. 

(6) Pellon, 2505 K4 AR, nylon. 

(7) Pellon, 2505 K4 W, nylon. 

(8) Pellon, FT 2140 AR, ppl. 

(9) Hercules, RT-37-2665-15, ppl. 

* Replaced 2D which failed early. 

** Low cell #2 Discharge. 
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d. Test Results: 


(1) Performance on Cycling: 

Cycling was started in February 1971. Packs 2D, 14E and 26D have 
failed and have been sent to Goddard Space Flight Center after com- 
pleting 376,997, and 25 cycles respectively. Packs 2E, 38F, 22C, 

46C, 49B , 31C and 25D have completed testing with portions of eacn 
respective pack completing 5801, 5903, 5950, 5888, 5965, 5936 and 
5940 cycles. Each of these latter packs had one cell removed and 
the separator samples, of known dimensions and weight, were soaked 
in water for 48 hours and then tested for carbonates at approximately 
1500-cycle intervals. Tabulation of the results of these tests 
follows. The averages pertain to four samples removed from each cell 
and each is defined as follows: 


Avg. Area: 
Avg. Wet Wt.; 

Avg. Dry Wt. : 

Avg. KOH meq: 

Avg K 2 C0 3 meq: 

% K 2 C0 3 : 


Average area of the four separator samples. 

Average weight of the four separator samples upon 
removal from cell. 

Average weight of the four separator samples following 
titration and air drying. 

Average mi Hi equivalents of KOH soaked from each of 
separator samples. 

Average mi Hi equivalents of KpCO^ soaked from each 
of four separator samples. 

Avg. KoCO- meq ? 

o' {/ rrv - 3 — X 10 

* K 2 tU 3 Avg. KOH meq + Avg. K 2 C0 3 meq 


(2) On the 3000-cycle analysis, one of the four samples 
taken from packs 31 C and 38F, respectively, indicated no carbonate 
whatsoever. The "zero-carbonate" sample from pack 38F was taken from 
an area where a negative plate had been connected to the positive bus. 
Though not so noted, the "zero- carbonate" sample of pack 31 C is believed 
to have resulted from a similar condition. 


(3) For further reporting see the "Minutes of the 
1972 Goddard Battery Workshop", report by Mr. Hennigan. 
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2E 

38F 

22C 

46C 

49B 

31C 

25 D 

Avg Area cnr 

35.0 

34.4 

33.9 

34.1 

35.3 

35.1 

33.5 

c^Avg Wet Wt q 

— i 

0.6613 

0.4436 

0.5436 

0.5658 

0.6218 

1 0.3988 

• 0.4244 

gAvg Dry Wt g 

0.2645 

0.2716 

0.3382 

0.2606 

0.2726 

0.2934 

0.1944 

oAvg KOH meq 

1.071 

0.340 

0.354 

0.713 

0.793 

0.268 

0.596 

Avg KgCO^ meq 

1.350 

0.711 

0.693 

1.112 

1.283 

0.352 

0.857 

%K 2 CQ 3 (meq) 

55.76 

67.65 

66.19 

60.93 

61.80 

56.77 

58.98 

Avg Area an 2 

35.5 

34.8 

34.6 

34.4 

34.8 

34.7 

30.5 

^ Avg Wet Wt g 

UJ 

0.6651 

0.4880 

0.4670 

0.6321 

0.6652 

0.4740 

0.4129 

dAvg Dry Wt g 
u 

0.2586 

0.4081 

0.3634 

0.3116 

0.3594 

0.3759 

0.2011 

g Avg KOH meq 

1.089 

0.220 

0.306 

0.670 

0.719 

0.183 

0.601 

Avg K^CO^ meq 

1.338 

0.394 

0.481 

1.023 

1.075 

0.346 

0.909 

%K 2 C0 3 (meq) 

55.13 

64.17 

61.12 

60.43 

59.92 

65.41 

60.20 

Avg Area cm 2 

35.2 

35.8 

33.2 

35.8 

36.1 

35.8 

34.6 

^ Avg Wet Wt g 

LU 

0.6716 

0.5877 

0.6476 

0.6196 

0.7226 

0.4410 

0.4457 

£?Avg Dry Wt g 

0.2563 

0.4704 

0.5090 

0.3700 

0.4251 

0.3306 

0.2358 

g Avg KOH meq 

10 

0.809 

0.262 

0.276 

0.652 

0.504 

0.191 

0.746 

Avg K 2 C0 3 meq 

1.632 

0.534 

0.766 

0.942 

1.194 

0.438 

0.893 

«K 2 C0 3 (meq) 

66.68 

67.09 

73.51 

59.10 

70.32 

69.63 

54.48 
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2E 

38F 

22C 

46C 

49B 

31 C 

25D 

2 

Avg Area cm 

35.7 

36.3 

35.9 

35.0 

36.1 

35.2 

31.6 

Avg Wet Wt g 

0.5817 

0.7094 

0.4518 

0.6590 

0.6089 

0.4944 

0.2691 

CO 

^Avg Dry Wt g 

0.2432 

0.5669 

0.3801 

0.3852 

0.3730 

0.3879 

0.1869 

^Avg KOH meq 

0.931 

0.323 

0.189 

0.589 

0.563 

0.074 

0.238 

CD 

§Avg mag 

1.117 

0.589 

0.253 

0.936 

0.877 

0.261 

0.441 

%K 2 C0 3 (meg) 

54.54 

64.58 

57.24 

61.38 

60.90 

77.91 

64.95 
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2. Eaqie-Picher, C.O ah. Three 5-cell Packs: 

a. Cell Description: See paragraph I.A. 

b. Parameters and Capacity Checks: 


Orbit Period 


1 .5~hour 


Temperature 

0° 

20° 

40° 

Depth of Discharge 

40% 

40% 

40% 

Auxiliary Electrode 
Trip Voltaqe (MV) 

500 

500 

500 

Auxiliary Electrode 
Resistor (ohms) 

680 

680 

680 

Pack Number 

53C* 

65C* 

42D 

Precycling Capacity 

3.26 

8.40 

8.54 

152 Days 

7.12 

3.04 

F 

330 Days 

8.48 

F 


500 Days 

NA 



592 Days 

3.33 




. yiu 

F 

* Percent recharge set at 102 . 5 . 
P - Fai led. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

September 1971. Packs 42D and 65C failed after 95 and 4227 cycles, 
respectively. Pack 53C had one cell failure after 9998 cycles and 
the pack was discontinued after 10,325. 

(a) Pack 42D, cycling at 40°C, could not exceed 
105 percent recharge without experiencing high pressures and this 
amount of recharge would not sustain the cells at this temperature. 

(b) Packs 53C and 65C also were put on a set 
amount of recharge due to high cell voltages and pressures. 

(2) Failure Analysis: Analysis of the nine cells 

showed weak negative tab-to-plate welds, heavy migration, and moderate 
separator deterioration. 
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3. Gulton 6.0 ah (Nickel -Cadmium) , Six 5-cell Packs, 
1.5-hour Orbit Period: 

a. Cell Description: These cells are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as solder type terminals. A 
stainless steel tab is welded to the cell cover for the auxililary 
electrode terminal. The auxiliary electrode is welded to the inner 
surface of the cell container. A resistor is mounted externally 
between the auxiliary electrode and the negative terminal. Recharge 
percentage may be adjusted by adjusting the voltage level of the 
auxiliary electrode detector circuit and/or varying the auxiliary 
electrode resistance while maintaining a fixed voltage to the detec- 
tor circuit. 


b. Test Parameters: 


Percent Trip Auxiliary Electrode 

Pack Test Depth of Voltage Level Resistors (Ohms) 

Number Temperature Discharge (Millivolts) 1 2 3 4 5 


59A 

0° 

C 

25 

150 

10 

10 

10 

10 

10 

71A 

0° 

c 

40 

150 

10 

10 

10 

10 

10 

23A 

25° 

c 

25 

300 

12 

12 

20 

29 

24 

1 1 A 

25° 

c 

40 

300 

24 

24 

10 

8 

24 

35A 

40° 

c 

15 

70 

47 

47 

47 

47 

47 

47A 

o 

O 

c 

25 

300 

n 

11 

12 

11 

11 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

February 1965. Pack failures occurred on cycle 14,863 for pack 59A, 
on cycle 5753 for pack 71A, on cycle 15,713 for pack 23A, on cycle 
7743 for pack 11A, on cycle 12,511 for pack 35A and on cycle 5502 
for pack 47A. 
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(2) Failure Analysis: Analysis of 19 failed cells 
shewed that the major cause of failure was due to separatr&r deterior- 
ation, migration of the negative plate material, and electrolyte 
leakage which ranged from 1.3 to 8.7 grams. Other conditions found 
in the cell were high internal pressure, blisters on the positive 
plates, extraneous positive material, ceramic short, and weak tab- 
to-plate welds. 

(3) Capacity Checks: The ampere-hour capacities on 
the capacity check cycles are as follows: 

Orbit Period 1.5-hour 


Temperature 


0° 

0° 

25° 

25° 

0 

o 

o 

o 

Depth of Discharge 

25% 

40% 

25% 

40% 

15% 

25% 

Pack Number 


59A 

71 A 

23A 

11 A 

35A 

47A 

100 Cycles 



7.15 

7.25 

3.40 

4.12 

2.95 

3.65 

88 Days 

Disch 

#2 

7.00 

7.50 

5.95 

5.50 

2.25 

2.10 

176 Days 

Disch 

#2 

3.50 

7.00 

3.85 

3.15 

1.60 

1.70 

264 Days 

Disch 

#2 

6.75 

5.65 

5.20 

6.20 

1.85 

2.25 

352 Days 

Disch 

#2 

6.50 


4.00 

4.35 

2.00 


440 Days 

Disch 

#2 

6.85 


4.45 

3.95 

2.75 


528 Days 

Disch 

#2 

7.00 


4.20 

2.75 

2.80 


616 Days 

Disch 

#2 

6.35 


3.85 


2.20 


704 Days 

Disch 

#2 

6.10 


4.40 


1.50 


792 Days 

Disch 

#2 

5.50 


2.45 


2.55 


880 Days 

Disch 

#2 

2.50 


1.50 




968 Days 

Disch 

#2 



1.00 




1056 Days 

Disch 

#2 



0.78 
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4. Gul ton 6.0 ah (Nickel-Cadmium), Three 5-cell Packs: 

a. Cell Description: See Paragraph I. A., page 12. 

b. Parameters and Capacity Checks: 


Orbit Period 


1 .5-hour 


Temperature 

20° 

0 

o 

CM 

o 

O 

CM 

Depth of Discharge 

25% 

25% 

25% 

Trip Voltage (MV)* 

150 

300 

450 

Resistors (Ohms) 

6.8 

6,8 

6.8 

Pack Number 

28D 

40D 

52D 

Precycling Capacity 

7.65 

7.74 

7.65 

88 Days 

6.96 

8.60 

7.65 

264 Days 

4.35 

8.95 

7.95 

440 Days 

6.25 

8.45 

6.15 

616 Days 

2.20 

7.00 

4.60 

* The trip voltage, levels of packs 40D and 52D 
were changed to 250 and 300 MV, respectively. 

Packs were placed on 

i voltage limit 

control 6- 


c. Test Results: 


* -n „ 0) Performance on Cycling: Cycling was started in 

^ 28 ?- 4 ? D and 520 completed 10,804, 10,846, and 

10,446 cycles, respectively, with no cell failures, prior to their 
discontinuation in May 1972 at the request of Goddard Space Flight 


d. Analysis: Though not failed, four cells wprp nivpn 
f?^ted r hli 1 Q? na - yS1S / hi Cl - revea1ed evidence of high pressure, 9 
deterioration? 9 ° f p0S1tlve p1ates > and migration and separator 
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5. Gulton 6.0 ah (Nickel -Cadmium) , Three 5-cell Packs: 
a. Cell Description: See paragraph I. A. 


b. Parameters and Capacity Checks: 


Orbit Period 


1 .5-hour 


Temperature 

* 

•k 

* 

Depth of Discharge 

40% 

25% 

15% 

Trip Voltage 

170 

170 

170 

Auxiliary Electrode 




Resistor (Ohms) 

6.8 

6.8 

6.8 

Pack Number 

48B 

24C 

60B** 

Precycling Capacity 

7.40 

7.20 

7.45 

88 Days 

3.68 

6.90 

7.02 

264 Days 

3.76 

6.30 

6.45 

440 Days 

3.84 

3.25 

6.33 


F 



616 Days 


3.10 

5.61 

792 Days 


2.55 

4.68 

968 Days 


3.15 

3.21 



F 


1144 Days 



2.25 

1320 Days 



3.02 

1496 Days 



2.07 

1672 Days 



1.62 

1848 Days 



0.75 

1936 Days 



1 .23 




F 

F - Failed. 





* These cells are in an ambient temperature which varies 
sinusoidally from 0° to 40° C within a period of 24 hours. After 
260 days, the temperature cycle period v/as increased to 48 hours; 
all other parameters remained the same. The temperature cycle is 
stopped at 25° C for capacity checks. 

** Test temperature was changed to a constant 20° C on 3-18-71 
after mare than 23,000 cycles. 
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c. Test Results: 


wii inc 7 n ! ^ ^oS r ' f0 l? na !J ce on C y clin 9‘ Cycling was started in 

April 1967. Packs 48B and 24C failed on cycles 6156 and 17,328 

respectively. Pack 30B failed after completing 32,645 cycles with 
three cell failures. 


Honc (a) From the test data obtained to date the indica- 

tions are that the auxiliary electrode, when used for charge control, 
operates satisfactorily over the range of temperatures under which 
these packs were operated, without temperature compensation. 

relK ,J 2) . Failure Ana ! ys. 1 ?; Analysis of the nine failed 

cells shewed the major causes of failure to be shorting between the 

positive and auxiliary electrodes due to insufficient separator 

Plprr^L bet c een tl l Q °- the pos1tive plates and the auxiliary 
anfi!f?c d f^a5 epar >- r deterioration, migration of negative material 
and blistered positive plates also were major reasons for failure. 

0Li -?- Were 5 1gh pressure * electrolyte leakage, weak 
wall nf^hp biliary electrode and the bracket on the inside 
?? I cell, and^ shorting between plates within the cell stack. 

wSiL att6r Sh ?r t l n 9 1S due to separator deterioration. The weak 

ari ? of 3 f i f r ° m ^ ^ve active material from the 
grid of the auxiliary electrode prior to welding to the bracket. 
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1 .5-hour Orbit^ Period; 0 ^ um) , Three 5-cell Packs, 

api. 

through the cell covpr S ? oth . terminals protrude 

ty pe^B- S^e ?ect rode" for a Cyanami 

the side of thl Plate s?^k s = aven 9er electrode is located on 
tive material. Each 5-cell nark C w!! neCted lnterna11 y t0 the nega- 
container byGul ton Indus tries1n n.H^°f P° Ued . into a mt *' 
cells. The^ells *“ 


b. Test Parameters 


Pack 

Number 

Test 

Temperature 

Percent 
Depth of 
Discharge 

20B 

0° c 

25 

8B 

25° C 

25 

6B 

40° C 

25 


c. Test 

Nesul ts: 


Trip 

Voltage Level 
(Millivolts). 

Auxiliary 
Electrode 
Resistors (Ohms) 

250 

47 

250 

47 

250 

47 


November 1.967. Pack 20B°failed durinn^h 92 Cyc1 }? 9 was started in 
pack 8B on cycle 2414 and pack fin n^ S f ^cycling capacity, 

were returned to Goddard Space Flight Center lo^ analysis"!" ^ 
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Packs, l. 7 5-hour tO 0 n rbU Peri T ’ (N1 * el - Ca «»>. Three 5-cell 

Shane The Ce ” Ascription : These cells are rectangular in 
step - !* Rn+w C + 1 ? on tainer and cell cover are made of stainless 
terminals are insulated from the cover by ceramic 

c ce n ra d m 1 P c°se r a e i h set 9 ? n the C ° Ver aS solder ^ ‘S! 
ni^^S ra lu sea V s set ™ an expansion joint to remove the strpsc 
placed on the seal by the movement of the plates or re 11 ™ 



b. Test Parameters: 



Pack 

Number 

Percent 
Test Depth of 

T emperatu re Di s ch arge 

Trip 

Voltage Level 
(Millivolts) 

Auxi 1 i ary 
Electrode 
Resistors (Ohms) 

58B 

o 

o 

o 

15 

40 

6.8 

12C 

25° C 

15 

200 

6.8 

36B 

40° C 

15 

200 

6.8 

were made 
control . 

„ 0) The following changes in the charqe current 
in order to obtain nx>re data on the auxllia* electrode 

Pack Number Cycle 

Current Cycle Current 

Cycle Current 

58B 

234 

9.5 Amps 794 

19.5 Amps 

1518 10 Anps 

12C 

85 

9.6 Amps 262 

19.5 Amps 

629 10 Amps 

36B 

51 

9.6 Amps 226 

19.6 Amps 

698 10 Amps 


c. Test Results: 


March 1967 Pack ° n f yc ] lng: deling was started i 
out ?S5„2| M »" 5 September 1967 wit 
588 «d 188 1 P * 
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25 January 1968 without any cell failures, at which time cycling 
was discontinued on both packs. The three packs were returned to 
Goddard Space Flight Center for evaluation. 


(2) Capacity Checks: The ampere-hour capacities 
on the capacity check cycles are as follows: 


Orbit Period 

1 

. 5-hour 

- 

Temperature 

0° 

25° 

o 

o 

Depth of Discharge 

15% 

15% 

15% 

Pack Nunfcer 

58B 

12C 

36B 

30 Days 

* 

14.7 

* 

88 Days 

20.0 

20.6 

10.7 

176 Days 

22.0 

20.5 


264 Days 


22.4 


* Capacity checks were not 

run due 

to the 

changes in charge rate. 
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8. Gulton 20 ah (OAO), (Nickel -Cadmium) , Three 5-cell 
Packs, 1. 5-hour Orbit Period: 

a. Cell Description: 

(1) Each pack consists of three conventional cells, 
two cells with an auxiliary electrode, and a coulometer. Both 
types of cells, used in OAO satellites, are rectangular in shape. 
The cell container and cell cover are made of stainless steel. 

Both terminals are insulated from the cover by ceramic seals and 
protrude through the cover as solder type terminals. Each ceramic 
seal is set in an expansion joint to remove the stress placed on 
the seal by the movement of the plates or cell covers. 

(a) The cells //i th auxiliary electrode have a 
stainless steel tab welded to the cover for the auxiliary electrode 
terminal. The auxiliary electrode is welded to the inner surface 
of the cell container. A resistor is mounted externally between 
the auxiliary electrode and the negative terminal. 

(b) The coulometers are of the cadmium-cadmi urn 
type and are rated at 20 ampere- hours. They are of the same case 
construction as the cells described above. 


(2) These packs are cycled with auxiliary electrode 
control. A coulometer on each pack is monitored to note how well 
the two charge control devices in the pack function. 


• 

b. Test Parameters: 



Pack 

Number 

Test 

Temperature 

Percent 
Depth of 
Discharge 

Trip 

Voltage Level 
(Millivolts) 

Auxi li ary 
Electrode 
Resistors (Ohms) 

58C 

* 

40 

250 

47 

36C 

* 

25 

250 

47 

12D 

* 

15 

250 

47 


* These cells are in an ambient temperature which varies sinusoi- 
dally from 0° to 40° C within a cycle period of 48 hours. 
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c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

February 1968. Packs 58C and 36C failed on cycles 131 and 966, 
respectively; but Pack 1 2D was discontinued on cycle 7262. All 
three packs were returned to Goddard Space Flight Center for failure 

analysis. 

(2) Capacity Checks: The ampere-hour capacities on 


Pack Number 

Temperature 

Precycling 

Capacity 

88 Days 

176 Days 

264 Days 

352 Days 

440 Davs 


58C 

36C 

12D 

* 

★ 

* 

22.7 

22.9 

25.3 


13.7 

6.3 

5.8 
5.7 

6.9 


* The temperature cycle is stopped at 
25° C for each capacity check cycle. 
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Gulton 20 ah (OAO) , (Nickel -Cadmium, Precharge), One 
6-cell Pack, 1.5-hour Orbit Period (Pack 48C) : 

a. Cell Description: 

(1) These cells are rectangular in shape. The cell 
container and cell cover are made of stainless steel. Both terminals 
are insulated from the cover by ceramic seals and protrude through 
the coyer as solder type terminals. Each ceramic seal is set in an 
expansion joint to remove the stress placed on the seal by the move- 
ment of the plates or cell cover. A stainless steel tab is welded 

to the cover for the auxiliary electrode terminal. The auxiliary 
electrode is welded to the inner surface of the cell container. A 
resistor is mounted externally between the auxiliary electrode and 
negative terminal. This type cell was used in OAO satellites. 

(2) Each cell was fitted with either a pressure gage 
or pressure transducer. Before cycle was started, the amount of 
precharged cadmium material was adjusted so that cells 2 and 3 had 
0.0 ah, cells 4 and 5 had 4.0 ah and cells 1 and 6 had 8.0 ah. 

This was accomplished by a procedure specified by Goddard Space 
Flight Center. 


b. Test Parameters: 

(1) Test Temperature: These cells are in an ambient 
temperature which varies sinusoidally from 0° to 40° C within a 
period of 48 hours. 

(2) Depth of Discharge: 25%. 

(3) Trip Voltage Level: 300 Millivolts. 

(4) Auxiliary Electrode Resistors: 51 Ohms. 

c. Test Results: 

(1) Performance on Cycling: Cycling started in 
May 1969. Pack 48C was terminated after completing 1984 cycles. 

On cycles 586 and 627 cell number 1 (8.0 ah of precharged cadmium) 
developed high internal pressure. In both cases the gas pressure 
was allowed to decrease while the cells were on open circuit. On 
cycle 627, four ampere-hours of precharged cadmium were removed 
and the cell returned to cycling. No further difficulties with 
high pressure were encountered with this cell. Cell nunfoer 5 
failed after 1733 cycles, and cell 2 failed after 1984 cycles. 
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(2) Failure Analysis: Failure analysis was 

performed on three cells. The analysis showed migration of nega- 
tive material, separator deterioration, high pressure, carbonate 
deposits at the positive terminal, and blistering of the positive 
plates. In addition, samples of positive and negative plates were 
removed from these three cells plus a fourth, nonfailed, cell. 
Individual plate capacities on these four samples showed the posi- 
tive plates to equal or exceed the capacity of the adjacent nega- 
tive plates in 75 percent of the samples. The cadmium to nickel 
ratio in such samples ranged from 0.74 to 1.00. Such negative 
limiting leads to high pressure during charge due to hydrogen 
evolution which cannot be recombined. 

(3) Capacity Checks: The anpere-hour capacity, 
after 461 cycles, was 8.67 ampere-hours. 
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10. Gulton 20 ah (0A0, Nickel -Cadmium, Precharge), One 
6-cell Pack: 


a. Cell Description: Each cell was fitted with a pres- 

sure gage, and a pressure transducer. Prior to cycling, the cells 
were subjected to a series of tests including conditioning, capacity 
calibration, and overcharge. The final step of the series was an 
adjustment of precharged cadmium material,. Two cells had -3.0 ah, 
two had 0.0 ah and two had + 3.0 ah of precharge. In negative pre- 
charging, the desired ampere-hour equivalent of oxygen is added 
to fully charged cells. In positive precharging, the desired ampere- 
hour equivalent of oxygen is removed from the cells as they charge. 
This preliminary procedure was specified by Goddard Space Flight 
Center. The methods of precharge adjustment were developed by NAD 
Crane. 


b. Parameters and Capacity Checks: 

(1) Precycling capacity was determined prior to 
precharge adjustment. The capacity of each cell is determined by 
the time to reach 0.5 volt. 

(2) Pack Number: 48D. 

(3) Orbit Period: 1.5-hour. 

(4) Test Temperature: 20°C. 

(5) Depth of Discharge: 25%. 

(6) Trip Voltage Level: 300 Millivolts. (Placed 

on voltage limit control 2-4-71 per instructions from Goddard Space 
Flight Center.) 


(7) Auxiliary Electrode Resistor; 47 Ohms. 
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Negative Precharge Zero Precharge Positive Precharae 
Cell #1 Cell #4 Cell #2 Cell #5 Cell #3 Cell #6 
S/N 475 S/N 953 S/N 481 S/N 961 S/N 493 S/N 959 

Precycling 


Capacity 

25.60 

25.60 

25.60 

24.80 

25.50 

25.10 

88 Days 
(Cycle 1378) 

14.17 

11.17 

12.67 

14.33 

12.50 

15.00 

176 Days 
(Cycle 2811) 

9.20 

6.80 

8.80 

9.00 

8.30 

10.20 

352 Days 
(Cycle 5790) 

6.70 

5.80 

8.50 

7.30 

7.50 

10.07 

523 Days 
(Cycle 8529) 

8.16 

7.50 

9.66 

9.50 

9.16 

11.33 

707 Days 
(Cycle 11526) 

16.66 

15.00 

16.16 

17.66 

13.83 

15.00 

802 Days 
(Cycle 12834) 

14.33 

F 

13.50 

F 

14.66 

F 

15.16 

F 

15.50 

F 

16.00 

F 

Failure 

Cycle 

13,784 

13,968 

13,848 

13,238 

13,057 

13,288 


F - Failed. 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in July 1970. 
Pack 48D failed after 13,968 cycles. The pack was placed on voltage 
limit control (1.420 V/C) after 2845 cycles. The limits were increased 
to 1.440 V/C {cycle 7011) and 1.46 V/C (cycle 8633) in an attempt to 
increase the capacity. Each cell failed and the cell failure cycle 
number is listed under the capacity check information. 

d. Failure Analysis: All the cells were shorted out. The shorts 
occurred at the lower corners of the cells and were due to migration 
and separator deterioration. 
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11. GE 6.0 ah (Nickel-Cadmium), Two 5-cell Packs, 1.5-hour 
Orbit Period: 


a. Cell Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as solder type terminals. A 
stainless steel tab, welded to the cover, provides the terminal for 
the auxiliary electrode. The auxiliary electrode (Type C) is welded 
to the inner surface of the cell container. A resistor is mounted 
externally between the auxiliary electrode and the negative terminal. 
The plates of the cells of Pack 9G are separated with a material 
called "Chemsorb" whereas those of the cells of Pack 27C are 
separated with "Pell on' 1 used as the standard for this test. 


b. Test Parameters: 


Pack 

Number 

Test 

Temperature 

Percent 
Depth of 
Discharge 

Trip 

Voltage Level 
(Mi Hi volts) 

Auxi liary 
Electrode 
Resistors 

Separator 

9G 

40° C 

25 

500 

510 Ohms 

Chemsorb 

27C 

40° C 

25 

500 

510 Ohms 

Pellon 


c. Test Results: 


(1) Performance on Cycling: Cycling was started in 

November 1968. 


(a) Pack 9G: This pack failed on cycle 143 at 
which time three cells^ shorted internally. In one of these cells 
the auxiliary electrode shorted to the positive terminal. 

1_. One of the failed cells was returned to 
Goddard Space Flight Center for detailed analysis of the separator 
material “Chemsorb ”, 


2. Failure analysis of the other two cells 
showed that distortion of the cases and covers, caused by high 
internal pressure, moved the comer of the plates opposite the tabs 
in one cell into the bus of the plates of opposite polarity; and in 
the other cell the positive plates came into contact with the cell 
case, thereby shorting the auxiliary electrode to the positive 
terminal. Both cells also showed separator deterioration. 
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rur1o AQ c . , . 27C : The two cells which failed on 

cycle 496 showed signs of high internal pressure and migration of 
negative plate material. Cycling was discontinued on cycle 559. 

(2) Capacity Checks: 

•» . ( fl ) Precycling consisted of a charqe at the 

cycling rate until the auxiliary electrode voltage of any of the 
five cells reached 500 millivolts followed by a discharge at the 

cycling rate to 1.00 volt per cell, average/ Each pack deli vered 
3.15 ampere-hours on precycling. H oenverea 

,• , ( b ) Capacity check cycles were to be identical 

nr H?crn^ yC lng c ^ eck ?V cle but none were made because of failure 
or d!sconti nuance of cycling before first scheduled capacity check 
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12. GE 6.0 ah (Nickel -Cadmium) , Eight 5-cell Packs: 

a. Cell Description: The cells of four packs contain 
Type C auxiliary electrode (Code AB13) , which is a sintered nickel 
plaque with a Teflon coating; whereas, those of the other four packs 
contain Type B auxiliajy electrode (Code ABU), which is a platinum 
loaded sintered nickel plaque with no Teflon coating. 

b. Parameters and Capacity Checks: 

Orbit Period 1.5-hour 


Temperature 

0° 

0° 

Depth of Discharge 

25% 

25% 

Trip Voltage (MV) 

250 

250 

Auxiliary Electrode 
Resistor (Ohms) 

82 

82 

Pack Number 

52C 

50B 

Auxiliary Electrode 

C 

B 

Precycling Capacity 

7.05 

7.20 

88 Days 

6.50 

7.40 

264 Days 

3.10 

7.25 

440 Days 

3.35 

7.05 

616 Days 

1.45 

6.60 

792 Days 

F 

6.35 

968 Days 


6.00 

1144 Days 


5.65 

1320 Days 


4.25 

1496 Days 


3.10 

1584 Days 


3.35 


F 


25° 

25° 

40° 

o 

O 

«ar 

* 

* 

25% 

25% 

25% 

25% 

25% 

25% 

250 

250 

250 

250 

250 

250 

82 

82 

82 

82 

82 

82 

5B 

17B 

6C 

42C 

62B 

65B 

C 

B 

C 

B 

C 

B 

7.50 

7.38 

5.55 

5.10 

7.40 

7.70 

3.20 

4.70 

1.50 

1.50 

1.15 

5.80 

1.50 




D** 


2.20 

2.10 

2.20 

5.55 

2.65 





•kit'k 


1.75 

1.90 

2.50 

2.10 

5.60 

2.00 



F 

D** 



2.00 

1.00 



6.00 

3.35 

2.45 

1.77 



NA 

1.71 

D** 

1.65 




D 


F F 
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* These cells are in an ambient temperature which varies sinusoi- 
dally from 0° to 40°C within a cycle period of 48 hours. The temper- 
ature cycle is stopped at 25°C for each capacity check cycle. 

** These cells were removed from automatic cycling for a series of 
special tests as instructed by Goddard Space Flight Center. 

*** Placed on voltage limit control (4-6-71) at 20°C due to auxiliary 
electrode allowing cell voltage to go too high. 

D - Discontinued F - Failed. 


c. Test Results: 

(1) Performance on Cycling: Cycling started in June 

1968. Pack 62B was discontinued after 2367 cycles and then started 
again using a voltage limit control and completed 14,406 cycles 
before pack failure. Packs 6C, 5QB, 52C and 17B failed after 8072, 
29,206, 9954 and 15,938 cycles, respectively. Packs 42C, 5B and 

65B were discontinued after 9047, 13,254 and 14,392 cycles, respectively, 
due to low capacity. Failures and discontinuations have accounted for 
a total of 18 cells. The two cells that did not fail in pack 50B 
were subjected to special tests, as requested by JPL, in May 1974. 

Results of these tests are contained in NAD Crane Report WQEC/C 74-617. 

(2) Failure Analysis: Analysis of 13 cells showed 

that the major causes of allure were due to separator deterioration, 
migration of the negative material, and high internal pressure resulting 
in case distortion. Other problems included ceramic shorting, dryness 
of separator, ragged edges on positive plates and blistering of 
positive plates. 
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13. GE 6.0 ah { Nickel -Cadmi um) , Three 5-cell Packs, 1.5- 
hour Orbit Period: 

a. Cell Description: These cells are rectangular. 

The cell container and cover are made of stainless steel. Both 
terminals are insulated from the cell cover by ceramic seals and 
protrude through the cover as solder type terminals. There are 
two auxiliary electrodes in each cell; the signal and the gas recom- 
bination electrodes. The recombination electrode is welded to the 
inside of the container, and its terminal is a stainless steel tab 
welded to the outside. The signal electrode, which is used for 
charge control, is welded to a wire that protrudes through a hole 
in the cell cover. This hole is potted to seal the cell. Different 
values of resistance are used to connect the signal and gas recombi- 
nation electrodes to the negative terminal. The cells were developed 
under contract NAS 5-10261. 



b. Test 

Parameters: 



Pack 

Number 

Test 

Temperature 

Percent 
Depth of 
Discharge 

Tri p 

Voltage Level 
(Millivolts) 

Signal Electrode 
Resistors (Ohms)' 

53B 

0° C 

15 

185 

300 

28C 

25° C 

15 

70 

10 

47C 

40° C 

15 

58 

10 


* Gas Recombination Electrode Resistors: 1 Ohm 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

July 1968. Packs 53B and 28C failed on cycles 9230 and 9987, respec- 
tively. Pack 47C was discontinued on cycle 5842. One cell was 
removed from each pack and returned to the manufacturer for analysis. 
These cell removals occurred on cycle 4039 for 53B, on cycle 4095 for 
28C and on cycle 4063 for 47C. Two additional cells (one failed and 
one nonfailed) from 47C were returned to the manufacturer for analysis 
as outlined in the NASA contract. 

(2) Failure Analysis: Analysis of the eight failed 

cells from the three packs showed the major cause of failure to be 
separator deterioration, migration of negative plate material and 
high internal pressure. Additional problems included electrolyte 
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leakage, corrosive internal deposits, blistering of positive p ates , 
ragged edges of positive plates, and dry separator material. One 
cell from 47C which did not fail was analyzed for comparison with 
tne failed cell. The conditions found in this cell were similar 
to the failed cell except that the separator deterioration and 
migration were not as severe. 

(2) Capacity Checks: The ampere-hour capacities 
on the capacity check cycles are as follows: 


Pack Number 

53B 

28C 

47C 

Temperature 

0°C 

25°C 

40°C 

88 Days 

6.96 

7.74 

5.22 

176 Days 

6.80 

6.50 

1.50 

264 Days 

6.75 

6.30 

1.75 

352 Days 

6.05 

5.50 


440 Days 

1.71 

3.00 


528 Days 

1.59 

0.90 


616 Days 


0.96 
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r ■» J 4 * J GE x 6 *B ah (Nickel-Cadmium with Signal and Recombina- 
tion Electrodes), Three 5-cell Packs: 

... a * Cell Description: These cells are rectangular wi th 
stainless steel containers and covers. Both terminals are insulated 
from the cell cover by ceramic seals and protrude through the cover 
as solder type terminals. There are two auxiliary electrodes in 
each cell; the signal and the gas recombination electrodes. The 
recombination electrode is welded to the inside of the container, 
and its terminal is a stainless steel tab welded to the outside. 

The signal electrode, which is used for charge control, is welded 
to a wire that protrudes through a hole in the cell cover. This 
hole is potted to seal the cell. 


b. Parameters and Capacity Checks: 


Orbit Period 

Temperature 

Depth of Discharge 

Trip Voltage (MV) 

Signal Electrode 
Resistors (Ohms) 

Recombination Electrode 
Resistors 

Pack Number 

88 Days 

176 Days 



1.5-hour 


0° 

20° 

o 

0 

m 

40% 

40% 

150 

200 

600 

330 

330 

330 

2.2 

2.2 

2.2 

30C 

64B 

6D 

6.96 

4.18 

3.75 


6.73 


lest Results 


April 1971 ° n ? yCl i n9: C * cli "9 was started in 

„J en Racks 30C and 64B completed 4129 and 2712 cvcIpc 

o r n S S V ^8. Pn ° r t0 disc °"tinuation - 1972. pSS'Sftil. 
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(2) Failure Analysis: Chemical Analysis of cell 1 

from pack 6D revealed a high equivalence percentage of potassium 
carbonate-averaging 47.2 percent. Physical analysis of the same 
cell showed blistering of positive plates, ragged plate edges and 
uneven distribution of electrolyte— highest maisture content toward 
the center of the plates. 


Meq C0 3 

Equivalence % C0 3 = ^ co 3 + Me q koh X 100 
where Meq = mi Hi equivalence. 
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15. GE 12.0 ah (Nickel -Cadmium) , Four 5-cell Packs, 1.5-hour 
Orbit Period: 

a Cell Description: These cells are rectangular in 
shape. The cell container and the cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by ceramic 
seals and protrude through the cover as 1/4-20 threaded posts. A 
stainless steel tab is welded to tie cell cover for the auxiliary 
electrode terminal. The auxiliary electrode is a fuel cel I type 
electrode and is welded to the inner surface of the cell container. 
A resistor is mounted externally befa/een the auxiliary electrode 
and the negative terminal. 



b. Test 

Parameters : 



Pack 

Number 

Test 

Temperature 

Percent 
Depth of 
Discharge 

Trip 

Voltage Level 
(Mi 1 1 i volts ) 

Auxiliary 
Electrode 
Resistors (Ohms) 

60A 

o 

0 

o 

25 

400 

3 

12A 

25° C 

25 

400 

1 

24A 

25° C 

40 

400 

1 

48A 

40° C 

25 

400 

0.5 


(1) Pack 48A was changed to 0° C after 528 cycles 
with the following parameters: Depth of Discharge, 40 percent; 

Resistors, 3 ohms on each cell. 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

October 1965. Cycling of Packs 60A, 12A, 24A and 48A was discon- 
tinued on cycles 5650, 1698, 665 and 5110 cycles respectively. 

(a) Pack 12A, at 25° C: The end-of-discharge 
voltage fell below ..0 volt per cell, average, on cycle 486. The 
pack was reconditioned and returned to cycling. At cycle 872 the 
voltage again dropped below 1.0 volt per cell, average. The pack 
was again reconditioned. At cycle 1051 the pack again lost capacity 
and was reconditioned for the third time. Cycling of this pack was 
discontinued at cycle 1698 because of loss of capacity. 
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(b) Pack 24A, at 25° C: The end- of- discharge 
voltage fell below 1.0 volt per cell, average, on cycle 410. The 
pack was reconditioned and returned to cycling. At cycle 537, the 
voltage again dropped below 1.0 volt per cell, average. The control 
unit was then set to charge at 2.5 amperes for the remaining portion 
of the 60-minute charge period after the trip point had been reached. 
This overcharge did not improve the capacity of the pack so the test 
was discontinued on cycle 665. 

(c) Pack 48A completed 528 cycles at 40° C at 
which time the test temperature was reduced to 0° C and the depth 
of discharge was increased from 25 to 40 percent. Cycling was 
discontinued after cycle 5110 because the cells would not operate 
satisfactorily over the entire temperature range of 0° to 40° C. 
Additional data at 0° C would be t«f little value in evaluating the 
cells for space application. 

(d) Pack 60A, at 0° C, completed 5650 cycles 
before it was discontinued for the same reasons given for Pack 48A. 

(e) Failure Analysis: Consultation with Goddard 

Space Flight Center and the manufacturer resulted in the decision 

to forego failure analyses of these cells since it was believed 
their poor performance was the result of questionable processing. 


(2) Capacity Checks: The ampere-hour capacities on 
the capacity check cycles are as follows: 


Orbit Period 


1 .5-hour 



Temperature 

0° 

0° 

25° 

25° 

Depth of Discharge 

25* 

40% 

25% 

40% 

Pack Number 

60A 

48A 

12A 

24A 

100 Cycles 

15.00 

5.30* 

8.90 

9.10 

88 Days Disch #2 

15.10 

15.20 

kk 

** 

176 Days Disch #2 

14.60 

15.10 



264 Days Disch #2 


11.50 




* Pack 48A capacity test discharges at this point were 
at ambient temperature of 40° C. 

** Capacity check at 88 days (1440 cycles) was not run 
because of earlier losses of capacity. 
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■{6. GE 12.0 ah (Nickel -Cadmium) , Six 5-cell Packs, 

Orbit Period: 

ceii srsass.’" 

shape. The cell container and cell cover ma^ by ceram i C 

steel. Both terminals are 1/4-20 threaded posts. A 

seals and protrude through the cover « / r for the auxiliary 

stainless steel tab ^ t° ^electrode was welded internally 
electrode terminal. One auxiliary el c ^ welded t0 the ce n 

”»Stn“^TreSr»rl e.tem.lly b.t.ee. tl. 

p! tetrode and the negative terminal. 



b. Test 

Parameters : 

Pack 

Nunfeer 

Test 

Temperature 

Percent 
Depth of 
Discharge 

58A 

0° C 

25 

72A 

o 

o 

O 

40 

12B 

25° C 

25 

24B 

25° C 

40 

36A 

4* 

O 

0 

o 

25 

34A 

40° C 

40 


Trip 

Voltage Level 
(Millivolts) 

Auxiliary 
Electrode 
Resistors (Ohms) 

500 

6.8 

500 

6.8 

500 

6.8 

500 

6.8 

500 

6.8 

500 

6.8 


c. Test Results: 

(1) Performance ^ on Cycling^ Cycling ^started^in 
anuary 1967. Packs 5^, 7 , 1 • ?5 ’ pd 65 respectively. These 

■■srzss b ;r* " 

reflected in the capacity check data. 
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(2) Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 

(a) Pack 58A, at 0° C: Precycling capacities 

were 17.4 ampere-hours on the first discharge and 16.6 ampere-hours 
on the second discharge. After 133 cycles the pack was again given 
a capacity check and delivered 16.0 ampere-hours on the first dis- 
charge and 15.7 ampere-hours on the second discharge. 

(b) Pack 72A, at 0° C: Precycling capacities 

were 17.4 ampere-hours on the first discharge and 16.4 ampere-hours 
on the second discharge. After 177 cycles the pack was again given 
a capacity check and delivered 15.6 ampere-hours on the first dis- 
charge and 15.6 ampere-hours on the second discharge. 

(c) Pack 12B , at 25° C: Precycling capacities 

were 15.9 ampere-hours on the first discharge and 10.5 ampere-hours 
on the second discharge. After 401 cycles the pack was again given 
a capacity check and delivered 6.8 ampere-hours on the first dis- 
charge and 7.2 ampere-hours on the second discharge. 

(d) Pack 24B, at 25° C: Precycling capacities 

were 17.2 ampere-hours on the first discharge and 15.1 ampere-hours 
on the second discharge. After 38 cycles the pack was again given 
a capacity check and delivered 4.6 ampere-hours on the first dis- 
charge and 6.8 ampere-hours on the second discharge. 

(e) Pack 36A, at 40° C: Precycling capacities 
were 12.1 ampere-hours on the first discharge and 6.3 ampere-hours 
on the second discharge. After 56 cycles the pack was again given 
a capacity check and delivered 3.5 ampere-hours on the first dis- 
charge and 2.6 ampere-hours on the second discharge. 

(f) Pack 34A, at 40° C: Precycling capacities 

were 13,0 ampere-hours on the first discharge and 6.7 ampere-hours 
on tne second discharge. After 43 cycles the pack was again given 
a capacity check and delivered 4.1 ampere-hours on the first dis- 
charge and 3.2 ampere-hours on the second discharge. 

(g) Failure Analyses: Consultation with 

Goddard Space Flight Center and the manufacturer resulted in the 
decision to forego failure analyses of these cells since it was 
believed their poor performance was the result of questionable 
processing. 
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17. G£ 20 ah (Nickel -Cadmium) , Two 5- cell Packs: 

a. Cell Description: See Paragraph I. A., page 12. 

b. Parameters and Capacity Checks: 


Orbit Period 

1.5- 

•hour 

Temperature 

0° 

0° 

Depth of Discharge 

15% 

15% 

Trip Voltage (MV) 

300 

300 

Resistors (Ohms) 

300 

300 

Pack Number 

7B 

67B 

Precycling Capacity 

22.7 

21.8 

88 Days 

27.3 

29.3 

176 Days 

24.9 

28.8 

264 Days 

27.3 

30.0 

352 Days 

27.0 

29.8 

440 Days 

27.9 

30.4 

528 Days 

28.5 

28.1 

704 Days 

24.4 

29.1 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

February 1970. Packs 7B and 67B have completed 12,652 and 12,634 
cycles, respectively, prior to discontinuation in May 1972. 
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18. Sonotone 5.0 ah (Nickel-Cadmium), One 5-cell Pack, 
1.5-hour Orbit Period (Pack 14D) : 

a. Cell Description: These cells are rectangular in 
shape. The cell jars and cell cbvers are made of a plastic material 
Each cell is equipped with an auxiliary electrode which is used for 
gas recombination. The cells were constructed at the Goddard Space 
Flight Center from parts supplied by Sonotone. The cells were then 
individually epoxy potted in order to hermetically seal them. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 25 %. 

(3) Auxiliary Electrode Resistors: All 1 ohm. 

. (a) Following the low end-of-dis charge voltage 

condition of one cell between cycles 1110 and 1136, the auxiliary 
electrode resistors on each of the five cells were changed to 50 
ohms, at the request of Goddard Space Flight Center, to note any 
changes in the cell voltage characteristics. 

c. Test Results: 

. 0) Performance on Cycling: Cycling was started 

in November 1967. This pack failed on cycle 1179 due to failure 
of three cells at that time as a result of severe migration of 
negative plate material. The positive plates of one cell were 
blistered; and imbedded in one was a piece of extraneous plastic 
material. 


, . (2) Capacity Checks: The ampere-hour capacity on 

precycling was 3.99 ampere-hours. 
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l 

19. Yardney 12.0 ah (Silver-Cadmium), Two 5-cell Packs, 
24-hour Orbit Period: 

a. Cell Description: The cells are rectangular in 
shape. The cell jars and covers are molded of a plastic material. 
A fuel cell type auxiliary electrode for gas recombination was 
installed in each cell by Goddard Space Flight Center before being 
individually epoxy potted with a wrap of fiberglass material to 
hermetically seal and strengthen them. 

b. Test Parameters: 


Pack 

Test 

Percent Depth 

Auxiliary Electrode 

Number 

Temperature 

of Discharge 

Resistor (Ohms) 

21 D 

0° C 

43 

1 

9F 

O 

o 

O 

43 

1 


c. Test Results: 

(1) Performance on Cycling: Cycling was started 

in June 1967. 


(a) Pack 21 D: This pack failed on cycle 60 
due to low capacity of several cells. 

(b) Pack 9F: The first of four cell failures 
occurred on cycle 258, the second on cycle 288, and the remaining 
two on cycle 310. 


(c) The two packs were returned to Goddard 
Space Flight Center for analysis. 

(2) Capacity Checks: The ampere-hour capacities 
on the precycling and capacity check cycles are as follows: 

Pack Number 21D 9F 

Precycling Capacity 4.33 5.53 

8.33 

7.60 


100 Dc\ys 
200 Days 
273 Days 
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B. Stab is tor: The stasis tor is a semiconductor device that is 
used to shunt current around a fully charged cell. The stabistor 
will pass current when the voltage across it has reached the break- 
down value. The breakdown voltage depends upon the temperature of 
the stabistor. At higher temperatues the breakdown voltage is 
lower than at cold temperatures. Across the terminals of each cell 
is mounted a 5-ampere stabistor to limit the charge current, and an 
anti reversal diode to prevent cell reversal on discharge. 

1. Sonotone 5.0 ah (Nickel-Cadmium), Eight 5-cell Packs, 
1.5- hour Orbit Period: 

a. Cell Description: These are cyclindrical cells 
made of stainless steel. Two stainless steel tabs are welded to 
the cover for the negative connections. The positive terminal is 
an extension of the positive plate tab and is insulateo from the 
“negative" cover by a ceramic seal. Two ring indentations, about 
1/32 inch deep, located approximately 7/S inch from either end of 
the cell can, were crimped after cell assembly to hold the element 
snugly in the cylindrical can. This type cell was used in the 
TIROS (Television Infrared Observation Satellite) satellite. 

b. Test Parameters: 


(1) Initial Test Parameters: 


Pack 

Number 

Test 

Temperature 

Percent Depth 
of Discharge 

75C 

-20° C 

25 

89B 

o 

o 

o 

CM 

1 

40 

92A 

0° c 

25 

122B 

0° c 

40 

73B 

25° C 

25 

87B 

25° C 

40 

99B 

40° C 

25 

112B 

o 

o 

o 

40 
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(1) Pack 112B did not cycle satisfactorily at 40 
percent depth of discharge so at cycle 48 the depth of discharge 
was reduced to 15 percent, with all other parameters unchanged. 

(2) It was necessary to recharge all packs at the 
c/1 rate (5 amperes) since the 5-ampere stabistor (with heat sink) 
in parallel with each cell was designed to maintain the proper 
stabistor temperature for the correct breakdown voltage when shunt- 
ing the 5 amperes. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

August 1965. Pack 75C failed on cycle 2145, pack 89B on cycle 1530, 
pack 92A on cycle 8774, pack 122B on cycle 5190, pack 73B on cycle 
4742, pack 87B on cycle 2392, pack 99B on cycle 4399, and pack 112B 
on cycle 3294. The breakdown voltage of the stabistors was too high 
for proper voltage limiting, thereby resulting in excessive gassing 
and high internal pressure. This in turn caused leakage as evidenced 
by carbonate deposits around the ceramic seal of the terminal of 26 
of the 29 failed cells, of which the containers of 23 cells were 
bulged. Other conditions found during the failure analysis were 
excess scoring, migration of the negative plate material, weak tab- 
to-plate welds, ceramic shorts, separator deterioration, blistering 
on the positive plates, loosened active material, and extraneous 
active material. 


(2) Capacity Checks: The ampere-hour capacities on 

the precycling and capacity check cycles are as follows: 
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PRECYCLING AND 


Orbit Period 



Temperature 

-20° 

-20° 

Depth of Discharge 

25% 

40% 

Pack Number 

75C 

89 B 

Precycling Capacity 

4.92 

4.96 

88 Days Disch HZ 

1.21 

2.58 


176 Days Disch #2 
264 Days Disch # 2 
352 Days Disch #2 
440 Days Disch #2 
* Cell failure occurred during 


CAPACITY CHECKS 


1 .5- hour 


0° 

0° 

25° 

25° 

40° 

40° 

25% 

40% 

25% 

40% 

25% 

40% 

92A 

122B 

73B 

87B 

99B 

1 12B 

3.38 

4.13 

5.33 

5.50 

4.21 

3.71 

2.75 

2.33 

2.33 

3.66 

1.88 

1.04 

1.71 

1.50 

1.29 


1 .50 


0.75 

0.79 



1.17 



★ * 

1.38 

capacity check. 
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ft' 


of cadraium-cSium coulometer!”) 0n *’ Par ' aqraph I - 7 -b.. for description 
10-cell kck!1!5-hour SbiShSid""" 39B) Seal >’ 

with a folded ■neopren^se C ai Pti ° n: ^ Bre Cycl1ndrical cells 

of 6.0 ampere-hours . C ° Ul 0mster used waa by GE with a capacity 

c. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

d. Test Results: 

in?) roved afte?Vn°e^^^^ voltage 

cycles 2182, 4949 and** 6 fa11ures . occurred at 

negative plate material and separatordeteri oration ^The^nsl?- 

£ a; “? h ?™; a s ,,s ««?•»»:- ’srs:;,, T /s’™ 

i ,2S,Sd*S, of "• ttee »"* sl '“ d 

-f-o ,* n f ni , n ,i . a.- ^he ca dmi urn- cadmium coulometer failpri dr ip 
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(2) Capacity Checks: The ampere-hour capacities on 
the precycling and capacity check cycles are as follows: 

Precycling 3.06 

88 Days 2.07 

176 Days 2.01 

264 Days 2.55 

352 Days 1 .71 


WQEC/C 77-87 


2. Gulton 4.0 ah (Nickel-Cadmium), Seven 5-cell Packs, 
1. 5-hour Orbit Period: 

a. Cell Description: These are rectangular sealed 
cells of commercial grade. The containers and covers are of a 
plastic material. They were epoxy potted into 5-cell packs with 
a coulometer at the Goddard Space Flight Center in order to 
hermetically seal the cells and the coulometer before test. 

b. Test Parameters: 


Pack 

Number 

Test 

Temperature 

Percent Depth 
of Discharge 

40 C 

-20° C 

25 

52B 

0° C 

25 

26 C 

ro 

CJl 

o 

o 

15 

14C 

25° C 

25 

37 C 

25° C 

40 

38D 

25° C 

60 

39 C 

40° C 

25 


c. Test Results: 

(1) Performance on Cycling: Pack 40C failed during 
precycling capacity checks at -20° C. Cycling of the remaining six 
packs started in March 1967. The first cell failure occurred on 
cycle 5685 for pack 52B, on cycle 11 ,455 for pack 26C , on cycle 2428 
for 14C, on cycle 790 for 37C, on cycle 1927 for 38D and on cycle 
1508 for 39C. At the request of Goddard Space Flight Center, cycling 
of any pack was stopped upon failure of any cell within the pack 
since there was no way of physically or electrically removing the 
failed cells from the pack. No failure analyses were performed 
because failure of these commercial cells was due to high internal 
pressure because too much electrolyte in the cells prevented gas 
recombi nation to occur which caused the cells to rupture. 

(2) Capacity Checks: The ampere-hour capacities on 

the precycling and capacity check cycles are as follows: 
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PRECYCLING AND CAPACITY CHECKS 


Orbit Period 



1.5- 

hour 




Temperature 

ro 

o 

o 

0° 

25° 

25° 

25° 

25° 

4* 

O 

o 

Depth of Discharge 

25% 

25% 

15% 

25% 

40% 

60% 

25% 

Pack Number 

40C 

52B 

26C 

14C 

37C 

38C 

39C 

Precycling Capacity 

* 

4.43 

4.67 

4.23 

5.03 

4.57 

3.30 

88 Days Disch #2 


4.10 

3.10 

3.50 


1.87 

1.13 

176 Days Disch #2 


3.37 

2.43 





264 Days Disch #2 


2.33 

3.37 





352 Days Disch #2 


3.80 

3.37 





440 Days Disch #2 



3.40 





528 Days Disch #2 



2.33 





616 Days Disch #2 



1.33 





704 Days Disch #2 



0.93 






* Pack failure occurred during precycling capacity check. 
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3. Gulton 6.0 ah (Nickel-Cadmium) , RAE, Four 5-cell Packs 

a. Cell Description: See paragraph I -A., page 12. 

b. Parameters and Capacity Checks: 


Orbit Period 


3.0-hour 



Temperature 


-20° 

0° 

25° 

40° 

Depth of Discharge 

25% 

25% 

25% 

25% 

Pack Number 


41 B 

66B 

18C 

29B 

Precycling Capacity 

6.60 

7.15 

7.00 

6.25 

88 Days 

Disch §2 

6.45 

6.90 

2.75 

2.35 

264 Days 

Disch #2 

4.50 

5.70 

1.50 

1.80 

440 Days 

Disch #2 

3.05 

4.75 

1.35 

1.55 

616 Days 

Disch #2 

2.40 

4.00 

1.50 

1.50 

792 Days 

Disch #2 

1.45 

4.25 

1.55 

1.60 

968 Days 

Disch #2 

2.15 

6.25 

1.60 


1091 Days* 

Disch §2 

3.30 

* 

* 


1232 Days 

Disch #2 

2.00 

6.10 



1408 Days 

Disch #2 r 

2.25 

6 .05 



1584 Days 

Disch #2 

1.95 

1.15 



1760 Days 

Disch #2 

0.45 





* Number of days does not fit into 88-day sequence due to 
loss of time with numerous coulometer changes on Pack 4 IB. 

c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

November 1966. Packs 29B, 18C, 66B and 41B failed after 7941, 9633, 
13,396 and 15,724 cycles, respectively. 
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(2) Failure Analysis: 

(a) Analysis of eleven failed cells showed the 
major causes to be separator deterioration, ceramic short, and 
migration of the negative plate material. Other conditions found 
were high internal pressure, blistering of the positive plate mater 
ial, electrolyte leakage and loose active material. 

(b) It was necessary to replace the coulometer 
in pack 41B, operating at -20° C, on nine occasions; and on one 
occasion in pack 668 operating at 0° C because each coulometer had 
shorted internally. The number of cycles between failures range 
from 193 to 3698 cycles for an average of 965 cycles. These fail- 
ures were due to inadequate plate separation having one layer of 
nonwoven nylon. The failure mode being combated is cadmium migra- 
tion. It has been found that coulometers require twice the effec- 
tiveness of plate separation as that found in its nickel- cadmium 
counterpart. These results have lead to the use of two layers of 
nonwoven nylon in RAE coulometers. 
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4. Gif ton 6.0 ah (Nickel -Cadinium with Gulton Plates), 

Four 5-cell Packs: 

a. Cell Description: These cells are different from 
previous Gulton cells in that the plates were manufactured by 
Gulton rather than SAFT of France. 

b. Coulometer: The coulometer is a device which measures 

the amount of electrical charge (coulombs or ampere-hours) passed 
through it. It accomplishes this by means of an electrochemical 
reaction which is directly proportional to the product of the magni- 
tude of the current and the time for which it is passed. The coulom- 
eter used with nickel -cadmium cells is made from two sets of cadmium 
hydroxide plates bathed in KOH electrolyte, and constructed in a 
manner similar to that of a nickel -cadmium cell. Coulometer action 

is obtained by imbalancing the two sets of plates, so that when one 
set is reduced to cadmium by the passage of charge, the other set is 
oxidized to cadmium hydroxide. This reaction continues at a low 
voltage* on the coulometer until the imbalance is complete. Then the 
coulometer voltage rises very sharply. The coulometer reaction can 
take place in either direction* charge or discharge, because the 
coulometer reaction is completely reversible. Thus, it is easy to 
detect when 100 percent of the discharge has been returned to the 
cells. 


Orbit Period 


Temperature 

-20° 

Depth of Discharge* 

50% 

Pack Number 

39D 

Precycling Capacity 

6.30 

88 Days 

5.00 


176 Days 
264 Days 
352 Pays 
528 Days 
704 Days 
893 Days 
1062 Days 
1240 Days 
1434 Days 
1613 Days 


1.5-hours 


0° 

20° 

o 

O 

•3* 

50% 

50% 

50% 

63B 

3C 

27D 

5.70 

6.09 

6.00 

6.08 

4.96 

2.96 

6.08 

3.60 

3.76 

5.92 

4.08 

5.44 

6.32 

3.36 

2.64 



F 

6.48 

3.28 


6.16 

3.76 


4.32 

NA 


4.61 

4.93 


3.80 

4.24 


2.88 

3.23 


F 

4.64 
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* Depth of Discharge was changed to 40% on 9-29-70 by NASA, 
Goddard Space Flight Center Technical Monitor. This 
change occurred within the first 75 cycles for all packs. 

F - Failed, 
c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

September 1970. Packs 63B and 3C completed 23,121 and 26,829 cycles 
before failure. One cell was removed from each pack for separator 
analysis on cycle 16,011 (Pack 63B) and cycle 16,544 for Pack 3C. Packs 
27D and 39D failed after 6869 and 1376 cycles respectively. 

(2) Failure Analysis: Analysis of the 12 failed 
cells showed extreme pitting of both the negative and positive plates 
throughout the plate stack. The cell cases were bulged due to internal 
pressure. Ultimate failure resulted in low capacity due to pitting 
and loosened active material. When compared, migration was more 
pronounced in the cells of 63B and separator deterioration was pre- 
dominate in the cells of 3C. 


Pack Number 

3C 

Serial Number 

920 

Cycles Completed 

16,554 

Total meq KOH 
per extract 

78.27 

Total meq K 0 CO 3 
per extract 

57.66 

meq KOH per 
separator patch 

0.5877 

meq K 2 CO 3 per 
separator patch 

0.7197 

Total volume (cc) 
per patch 

1.004 

Wet weight per 
patch, avg (g) 

0.4200 

Dry weight per 
patch, avg (g) 

0.1472 

N/A - Not Available. 



3C 

6.3 B 

63B 

914 

(failed) 

912 

900 

(failed) 

26,829 

16,011 

23,121 

72.75 

89.08 

103.290 

72.46 

45.26 

42.900 

0.7016 

0.8691 

0.5280 

1.4961 

0.7409 

0.9174 

N/A 

1.156 

1.2623 

0.5164 

0.5327 

0.4793 

0.1571 

0.1772 

0.1842 
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5. Heliotek 20.0 ah. One, 5-cell Pack: 

a. Cell Description: See Paragraph I. A., page 12. 

b. Parameters and Capacity Checks: 


Orbit Period 1.5-hour 

Test Temperature 20°C 

Depth of Discharge 40% 

Pack Number 34D 

Precycling Capacity 16.0 
88 Days 7.73 

Discontinued 

c. Test Results: 


(1) Performance on Cycling: Cycling was started in 

March 1972. This pack completed 2903 cycles, with one cell failure, 
before a malfunction of the control system severely discharged the 
remaining cells resulting in the pack being discontinued. One cell 
was returned to Heliotek, three cells to Goddard Space Flight Center, 
and the remaining cell was stored. 
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6. Sonotone 5.0 ah, One 5-cell Pack, 1.5-houf Orbit Period: 

a. Cell Description: 

(1) The cell container and the cell cover are made 
of stainless steel. Two stainless steel tabs, welded to the coyer, 
serve as contacts for the negative terminal. The positive terminal 
is a solder type extension of the positive plate tab through the 
center of the cover. The positive terminal is insulated from the 
"negative" cover by a glass to metal seal. Two ring indentations, 
about 1/32 inch deep, located approximately 7/8 inch from either 
end of the cell can, were crimped after cell assembly to hold the 
element snugly in the cylindrical can. 

b. The coulometer used was built by the Goddard Space 
Flight Center. 

c. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: Started at 80 percent but 

was lowered by steps of 10 percent until the pack operated satisfac- 
torily at 30 percent depth of discharge. 

d. Test Results: Cycling was started in August 1964. 

Upon conpletion of a total of 13,540 cycles at the various depths 
of discharge listed below, cycling was stopped because the coulom- 
eter developed a short and could not control the cycling operation 
any longer. 


(1) At 80 percent, the pack completed 59 cycles. 
The end-of-d is charge voltage dropped below 1.0 volt. 

(2) At 70 percent, the pack completed 61 cycles. 
The end- of-dis charge voltage again dropped below 1.0 volt. 

(3) At 60 percent, the pack completed 55 cycles 
before the end-of-discharge voltage fell below 1.0 volt. 

(4) At 50 percent, the pack completed 90 cycles 
before the end-of-discharge voltage fell below 1.0 volt. 

(5) At 40 percent, the pack completed 250 cycles 
before the end-of-discharge voltage fell below 1.0 volt. 
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(6) At 30 percent, the pack completed 13,025 cycles 
before the coulomster developed a short. The end-of-discharge volt- 
age was about 1.07 volts per cell, average, with an end-of-charge 
voltage of 1.42 volts per cell, average, over the entire cycle life. 
The percent of recharge, as controlled by the coulometer, ranged 
from 104 to 111 percent with an average value of 106 percent. 
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D. Sherfey Upside-Down Cycling: This type of cycling starts 

with the cells in a completely discharged condition. Each cycle 
consists of a charge of 60 percent followed by a discharge of 40 
percent of the cell's rated capacity. Upon completion of each 
fifth cycle, the cells are discharged through resistors for 90 
additional minutes to return the cells to the completely discharged 
condition (bleed portion of cycle) for the start of the next 
sequence of five cycles. In this manner, the cells operate be lav 
the 100 percent charged state much of the time thereby preventing 
overcharging and buildup of excessive gas pressure. 

1. Test Equipment: The charge and discharge currents for 
the pack are supplied by a power supply. The rates and cycling 
regimen are controlled by the Sherfey cycling unit which contains 
the resistors used to completely discharge the cells after each 
fifth cycle. Vie cycle timing is dene by using a synchronous 
motor timer. 


2. Gulton 3.6 ah (Nickel-Cadmium with Neoprene Seal), One 
10-cell Pack, 1.5- hour Orbit Period: 

a. Cell Description: These are cyclindrical cells with 
a folded neoprene seal as described in Section II, Paragraph 

III. B. 2. a. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Discharge: 40%. 

c. Test Results: Cycling was started in September 1965. 

This pack failed on cycle 5505. Each of the cell failures was caused 
by the loss of electrolyte around the weld between the cell container 
and cell cover. Because of this leakage, which began at the start 

of cycling, the cells began to dry out and the charge voltage began 
to increase. The end-of-charge voltage gradually increased from 1.44 
volts initially to 1.60 volts per cell, average, at the end of cycle 
life reflecting the effects of the drying out of the cells. On eacn 
successive discharge following the bleeding of every fifth cycle, 
the end- of-dis charge voltage increased about 0.02 volt per cell. 
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E. Two-Step Charge Regulator: When silver-cadmi um and silver- 
zinc cells are put on a long charge period with only a voltage limit, 
the cells begin to unbalance when the pack goes into overcharge. A 
new method of charging cells of these types was developed at Goddard 
Space Flight Center. Charging of the battery is by constant current 
to the upper voltage limit, then is automatically crossed over to 
constant potential. When the current decreases to a predetermined 
level, the constant potential charge is reset to the lower voltage 
limit which is equal to the open circuit voltage of the battery. 

The unit will not return to the upper voltage limit until the charge 
current goes above the predetermined value. This method prevents 
the cells from becoming unbalanced during long charge periods. 

1. Test Equipment: The charge and discharge currents are 
supplied by a unit described in Section VI, Paragraph I.B.l. The_ 
two-step regulator, designed by t\ e Goddard Space Flight Center, is 
used to control the rate of charge and the voltage limits. 

2. Delco-Rerry 25.0 ah (Silver-Zinc), Two 10-cell Packs, 

24-hour Orbit Period: { 

a. Cell Description: These cells are rectangular in 
shape with sealed nylon cases. Each cell was individually epoxy 
potted by the manufacturer. The positive plates have one percent 
of palladium added to the active material. 

b. Test Parameters: 

(1) Test Temperature: 25° C. 

(2) Depth of Di ; charge: 40%. 

(3) Upper Voltage Limit: 1.97 +0.03 volts per 

cell, average. 

(4) Low Current Level: 0.35 amps. 

(5) Lower Voltage Limit: 1.87 + 0.03 volts per 

cell, average. 

c. Test Results: 

(1) Performance on Cycling: 

(a) Cycling was started on Pack 9D in December 
1965. This pack completed 121 cycles with two cell failures. 


222 


WQEC/C 77-87 


The test was discontinued, at the request of Goddard Space Flight 
Center when the two cells failed, because the voltage limit 
settings could not be lowered. The failed cells were returned to 
the manufacturer for analysis. This analysis indicated that the 
zinc plates were in better condition (very little shape change) 
than plates of previous samples, but that silver penetration was 
still a problem. 


(b) Cycling of pack 9E was started in October 
1966. This pack completed 90 cycles with three cell failures. 

The test was discontinued at that time. The cells were returned 
to *he manufacturer; no report on the failure analysis has been 
received. 
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24-hour Ortit^eriod^Pack^icj: Ver_Zlnc ^ ’ 0ne 1£) -cell Pack, 

gular in shape, with th^cen ’jai-s In^celT Vented c ? lls ’ ''^tan- 
plastic material. They contain I Vers molded of a 

Tle "" “«•« S'.rES, 

d - Test Parameters: 

(1) Depth of Discharge: 31 %. 

cell, average. ^ UpP6r V ° ltase Limit: 1-93 + 0.03 volts per 

(3) Low Current Level: 0.10 amperes, 
cell, average. (4> L °"' er V ° Ua9e Limit: 1-86 + 0.03 volts per 

«• c *, ,00 ™„r“' ““ 

c - Test Results: 

December 1966. Th^p^kTo'mpl e^ed^s] CycHn9 wa * started in 
The fan ed cell began leaki 1q electrofvte W iS one cel1 ™lure 
cells operated very well at hnth yt f after 137 cycles. The 

difficulty in changing the V o? aae K tUneS ’ Because of the 
regulator, Goddard Spice Flight Cents? ™ a V!! t by the two-step 
discontinued. ynT; Lenter requested that the test be 

the cutoff volta^of^^O^oltrand t CSl1 was disch arged to 
determined. After 80 days of cvcHnn ***Were-hoiir capacities 
b.67 to 20.0 ampere-hours. After 203 dav« C n? dC1 t - S ranged froni 
range was 0.67 to 18.5 ampere-hours * ° f Cycnng the capacity 
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F. Internal Mechanical Pressure Devices: In certain Instances 
the capacity output of a cell can be improved by apply inq pressure 
io the face of the plate stack. This test is designed to tele 

w Jl a J u e * ^ an y> a constant mechanical pressure has on the life 
of the cell . 


1. Sonotone 20.0 ah (Nickel-Cadmium), Five 10-cell 
1.5-hour and 3-hour Orbit Periods: 


Packs , 


TU „ ?*. Cel1 Description:; These cells are rectanaular. 

d ft. 0 ?'* container and cell cover are made of stainless steel, 
both terminals are insulated from the cell cover by a teflon seal 
and protrude through the cover as a threaded terminal. Each cell 
is also fitted with a pressure relief valve. Cells 1 throuqh 5 
in each pack are standard cells; cells 6 through 10 contain a 
stainless steel eliptical spring which supplies the presssure to 
the face of the plates. 


b. Parameters and Capacity 

Checks : 



Orbit Period 

1.5 

1.5 

1.5 

1.5 

3.0 

Temperature 

20° 

20° 

20° 

20° 

20° 

Depth of Discharge 

25% 

25% 

40% 

75% 

40% 

Pack Number 

10B 

22B 

34C 

72C 

46B 

Precycling Capacity 

20.80 

20.70 

20.50 

23.10 

21.70 

88 Days 

21.67 

20.00 

19.70 

22.70 

20.20 

176 Days 

22.20 

7.00 

18.30 

22.00 

9.00 

264 Days 

22.17 


18.00 

16.18 


352 Days 

9.33 


16.00 



440 Days 

8.67 


14.16 



616 Days 

5.33 





792 Days 

5.00 
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c. Test Results: 

October 1972. Packs 34C and 72C failed on cycles 8357 and 4381 
respectively. 

cells revealed tilt se'pa?2oJ”Stert "“’j^J^^S'presSIre, 

sans x“u«Sds tt %“™. s m "inis’”’ 

aftsssas's s r:r r « » 

ing and/or failure analysis. 
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2. Sonotone 20.0 ah (Nickel-Cadmium), Five 10-cell Packs, 
1. 5-hour and 3-hour Orbit Periods: 


a. Cell Description: These cells are rectangular in 
shape. The cell container and cell cover are made of stainless 
steel. Both terminals are insulated from the cell cover by a 
teflon seal and protrude through the cover as a threaded terminal. 
Each cell is also fitted with a pressure relief valve. Cells 1 
through 5 in each pack are standard cells; cells 6 through 10 
contain a stainless steel eliptical spring which supplies the 
pressure to the face of the plates. 

b. Test Parameters: 


Pack 

Number 

Test 

Temperature 

Percent Depth 
of Discharge 

10A 

25° C 

25 

22A 

25° C 

25 

34B 

25° C 

40 

46A* 

25° C 

40 

72B 

25° C 

75 

* This 

pack has an 

orbit period of 3 


all others are 1.5 hours. 


c. Test Results: 

(1) Performance on Cycling: Packs 34B and 72B 

failed on cycles 5634 and 1143, respectively. In order to use the 
same equipment for replacement cells pack 1QA was discontinued on 
cycle 7188, pack 22A on cycle 6664, and pack 46A on cycle 3501. 

(a) Shortly after the start of cycling in 
September 1967, high internal pressure developed in all cells as 
evidenced by bulged case and the rupture of four. Cycling was 
stopped in November 1967 with 1170 cycles on pack 10A, 599 cycles on 
pack 22A, 943 cycles on pack 34B, 427 cycles on pack 46A, and 609 
cycles on pack 72B. 
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Center and nnp f * A re P^ s f tati ve f*» NASA, Lewis Research 
I® *J d ona T ? the manuf acturer reviewed the results in order 
to determine what steps should be taken before continuation of the 

CranI n9 tho St * of J he 14 failed cells were analyzed at NAD 

f^iipH ?ic ma ^r^ re r‘ s representative took the remaining nine 
failed cells with him m order to determine the cause for the 
excessive pressure buildup in both the control and spring loaded 

(c) After completion of his testinq, the manufar- 
turer recommended that new relief valves be installed, the cells be 
reconditioned, and the charge current be reduced from 20 to- 15 
Were s on packs 22A,34B and 46A. It was necessary that ?he charge 

H?c 6 h 0n pack T u 2B at 20 amperes because of the deep depth of 

discharge. The packs were then returned to cycling. P 

(2) Failure Analysis : 

rpiic chnwnH fh. ^ Analysis of f ' ' ve of the first 14 failed 

rt he ma i°L cau ? e t0 be the P lates shorting against the 

cell case because of the high internal pressure. 

Analysis of the 24 cells that failed after 

miaratiL m nfVh Catl ° n ^ ?h0We ? the major cause of fa ^ure to be 
?n 9 hnth thp f rnn? n ? gat i ve P] ate material and separator deterioration 
m both the control and spring loaded cells. 

-f-ho i* Capacity Checks: The ampere-hour capacities on 

the precycling and capacity check cycles are as follows: 


Orbit Period (Hr) 

1.5 

1.5 

1.5 

3.0 

1.5 

Temperature 

25° 

25° 

25° 

25° 

25° 

Depth of Discharge 

25% 

25% 

40% 

40% 

75% 

Pack Number 

10A 

22A 

34B 

46A 

72B 

Precycling Capacity 

28.7 

28.8 

29.7 

25.7 

26.2 

88 Days Disch §2 

22.5 

21.3 

20.0 

24.3 


176 Days Disch #2 

22.2 

7.7 

13.5 

15.2 


264 D^ys Disch #2 

21.3 

10.8 

11.3 

23.5 


352 Days Disch #2 

18.2 

21.2 


4.7 
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G. High Overcharge Current Capabilities: These cells were 

constructed to withstand continuous charge rates as high as c/1 for 
extended periods of time. 

1. Gul ton 1.25 ah, (Nickel -Cadmium) , Four 5-cell Pack' : 

a. Cell Description: These cells are rectangular. The 

cell container and cell cover are made of stainless steel. The 
positive terminal is insulated from the cell cover by a ceramic seal 
whereas the negative terminal is common to the can. Both are solder 
type terminals. Each cell was equipped with a pressure gage. 
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b. Parameters and Capacity Checks: 
Orbit Period 1.5-hour 


Temperature 


-20° 

-20° 

0° 

0° 

Depth of Discharge 

25% 

60%* 

25% 

60% 

Pack Humber 


74B 

88D 

108B 

98B 

Precycling Capacity 

1.43 

1.28 

1.78 

1.83 

88 Days 

Disch 

#2 

0.39 

0.36 

1.76 

1.60 

264 Days 

Disch 

#2 

0.40 

0.35 

1.43 

0,95 

440 Days 

Disch 

#2 

0.36 

0.35 

1.32 

0.87 

616 Days 

Disch 

#2 

0.41 

0.36 

0.92 

0.99 

792 Days 

Disch 

n 

0.29 

0.28 

1.01 


968 Days 

Disch 

#2 

0.27 

0.28 

0.66 


1144 Days 

Disch 

#2 

0.25 

0.28 

0.42 


1320 Days 

Disch 

#2 

0.38 

0.39 

0.47 


1496 Days 

Disch 

#2 

0.27 

0.27 

0.54 


1672 Days 

Di s ch 

#2 

0.30 

0.29 

0.41 


1848 Days 

Disch 

#2 

0.33 

0.37 

0.39 


2024 Days 

Disch 

#2 

0.37 

0.43 

0.30 



* Depth of discharge was reduced to 25% after 46 cycles. 


c. Test Results: 

(1) Performance on Cycling: Cycling was started in 

March 1966. Packs 74B (discontinued), 88D (failed) and 108D (dis- 
continued) completed 33,878, 32,144 and 33,063 cycles, respectively. 
They failed or were discontinued on June, March and April 1972. Pack 
98B failed on cycle 12,247. All four packs have experienced high 
pressure (some in excess of 150 psig). 
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The cells operating at -20° C required a reduction in charge current 
from 1.25 to 1.00 ampere in order to cycle and avoid high internal 
pressure. After this reduction in charge current, packs 74B and 88D 
averaged 10,500 cycles before high pressure was noticed and released. 
Pressure again developed in packs 74B and 88D after 13,400 cycles and 
was released. 


(2) Failure Analysis: Analysis of the seven failed 
and five discontinued cells shows severe migration of negative material, 
blistering of the positive plates, high internal pressure, external 
carbonate deposits around the terminals, rust on inside positive tab, 
loose active material and excessive dryness. 
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H. Thermistor: 

1. 6E 6.0 ah (SAS B), One 8-cell Pack: 

a. Cell Description: See Paragraph I. A., page 12. 

b. Project: Small Astronomy Satellite. 

c. Parameters and Capacity Checks: 


Pack Number 

1C 

Orbit Period 

1.5 

Test Temperature 

25° 

Depth of Discharge 

21% 

Precycling Capacity 

6.99 

88 Days 

6.13 

176 Days 

6.17 

264 Days 

5.95 

352 Days 

5.18 

440 Days 

5.13 

616 Days 

4.75 

894 Days 

NA 

1054 Days 

3.73 

1247 Days 

3.53 

1429 Days 

2.17 

D 

Test Results: 



(1) Performance on Cycling: Cycling started in July 

1970. The pack completed 24,064 cycles with three cell failures (cycles 
13,600, 23,617 and 24,064) before it was discontinued. One cell was 
removed for analysis (cycle 5300) and replaced with a cell of the same 
type. Analysis showed the equivalence percentage of carbonate to range 
from 53.2 percent to 64.9 percent, averaging 58.2 percent. Also noted 
was migration and blistering of positive plates. Three cells also were 
removed for analysis on cycle 16,385. Pack was placed on voltage limit 
control only, after 12,256 cycles. 
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(2 ) Failure Analysis: three^m 

one side and at the 

bottom. . - 

(3) The following table compares cherniM I analysis 

cycle life. 

Uncycled Replaced (SViginai f^S Original 


55 


0 


Serial 
Number 

Cycl es 
Completed 

Total meq* KOH 
per extract 
(avg) 83.66 

Total meq K2CO3 
per extract 
(avg) 62.81 

meq KOH per 
separator 

patch** 0.8374 

meq K2CO3 Per 


13 


11,087 


67.60 


80.30 


0.4550 


54 53 44 43 

16,385 16,385 24,064 24,064 


55.83 


90.64 


58.29 61.611 52.899 


90.37 113.25 107.97 


separator 

patch 

0.7955 

0.5973 

Total volume 
(cc) per 
patch 

1.1691 

1.1299 

Wet Weight 

(g)*** 

0.4238 

0.3292 

Dry Weight 
( g ) *** 

0.1717 

0.1660 

* meq is the abbreviation of 1 
** The separator patch data is 


0.1890 0.2190 

0.9425 0.5998 

0.7883 0.9652 
0.3696 0.3039 

0.1760 0.1627 


0.0356 0.1567 


0.7366 0.9016 


1.1186 

0.3952 

0.1615 


0.9019 

0.3059 

0.1307 


One from cne thh j — 

and one from the last third. , * n -n nw i n a removal from the 

Strained fol'o»lng titr.tlon »« *1r »•»! o*ermjW. 
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2 „ Gul ton 6.0 ah (SAS A, Small Astronomy Satellite), One 
8-cell Pack: 

a. Cell Description: 


(1) See Paragraph I. A. 

(2) Thermistor: This method of charge control utilizes 

a thermistor to maintain a constant total voltage on a cell pack at 

*r 1 * * * S dd d 


b. Parameters and Capacity Checks: 


Pack Number 

18D 

Orbit Period 

1.5 

Test Temperature 

25° 

Depth of Discharge 

21% 

Precycling Capacity 

6.99 

88 Days 

7.75 

176 Days 

7.33 

264 Days 

6.08 

352 Days 

6.88 

440 Days 

5.75 

616 Days 

4.96 

894 Days 

NA 

1065 Days 

2.80 

1257 Days 

2.23 

1437 Days 

1.96 

D 

Test Results: 



(1) Performance on Cycling: Cycling started in July 

1970 This pack completed 23,230 cycles with three cell failures 

cycles 19,429, 22,577 and 23,230) before it was discontinued. During 
life cycling, one cell was removed for analysis (cycle 5296) and 

replaced with a cell of the same type. Analysis showed the equivalence 
percentage of carbonate to range from 37.4 percent to 40. 9 P^cent, 
averaging 39.6 percent. Three more cells were removed f °r analysis 
after 16,573 cycles. Pack was placed on voltage limit control only, 

after 12,259 cycles. 
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(2) The following table compares chemical analysis 
of extracted electrolyte (soxhlet) from individual cell stacks, and 
samples of separator patch material for cells experiencing varying 
cycle life. 



a 


a 

& 


=5 

Serial Number 

1944 

Cycles Completed 

0 

Total meq* KOH 
per extract (avg) 

102.58 

Total maq KpCO- 
per extract (avg) 

33.80 

meq KOH per sep- 
arator patch** 

1 .3278 

meq K ? C0~ per 
separator patch 

0.5040 

Total volume 
(cc) per patch 

1.2902 

Wet Weight (g)*** 

0.4593 

Dry Weight (g)*** 

0.1724 


+j 

C-" - 


i+I 

r— 

• 

SS 

« • 
c c 

•P 

s 

(J 

«3 U 

♦<- o 

O (mi 

in 

Q.**- 

IS 

o • 

w 

{/) 

5 

1940 

1937 

1939 

11,279 

16,573 

16,573 

80.88 

83.24 

71.83 

57.87 

59.96 

69.12 

0.4064 

0.2472 

0.2674 

0.4624 

0.2469 

0.4142 

0.9246 

0.5907 

1.1083 

0.2900 

0.1915 

0.2969 

0.1165 

0.0897 

0.1195 


Original — 


-o 
a t 

r— 

•r— 

ns 

U- 

1968 

£ Failed 

tn 

£ Discont 

cn 

19.429 

22,577 

23,230 

63.324 

68.845 

69.894 

77.543 

80.493 

74.844 

0.0341 

0.1320 

0.1584 

0.4365 

0.3470 

0.4277 

A 

A 

A 

0.0888 

0.2218 

0.2333 

0.7620 

0.0808 

0.0886 


*meq is the abbreviation of mil li equivalents . 

**The separator patch data is an average of four patches sampled. One 
from the first third of the plate stack, two from the center, and one f.-om 
the last third. „ . 

***Wet weight is determined immediately following removal from the cell 
case and prior to leaching in water overnight; dry weight is determined 
following titration and air drying overnight. 

ASeparator material extremely t' in, measurement could not be attained. 

(3) Failure Analysis: Analysis of two of the three failed 
cells (one shorted) indicated the major cause of failure was severe 
separator deterioration. Migration was heaviest at upper half of pack 
stack. The third cell that failed was not analyzed as per GSFC instructions. 
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4* i*-! 

r SECTION IV 


SUMMARY OF SYNCHRONOUS ORBIT TESTING 


■ 


236 


J 


WQEC/C 77-87 


I- SUMMARY OF SYNCHRONOUS ORBIT TESTING 

A. The synchronous orbit tests were begun on six, 5-cell packs 
on 18 July 1967. These packs were 6ah GE and became known as packs 
201 A, 202A, 203A, 204B (replacement to 204A), 205A and 206A. Two 
reports (QE/C 70-634 and QEEL/C 73-302) have collectively covered the 
bulk of these packs' progress since 1967. These packs were followed 
in March 1969 by six, 12ah GE packs, known as 207A, 208A, 209A, 210A, 
211 A and 21 2A. One report (QE/C 71-183) has covered the orogress of 
these cells through 1971. The remainder of the synchronous testing 
has encompassed: packs 213A through 227A, 226B, 227B, 227C, 228A, 
(excluding 21 5A, 21 6A, and 21 7A) four additional manufacturers, and one 
additional cell type— silver-zinc. An official report, WQEC/C 77-14, 
will be released in March 1977 which updates packs previously reported 
and will include those nickel -cadmium packs which have never been 
reported. However, no official reports have covered silver-zinc 
testing. The purpose of this section to summarize the vast amount of 
synchronous orbit testing by this activity. 

B. In a synchronous orbit, the velocity of a satellite and 
its distance from the earth are adjusted such that one revolution 
of the satellite matches one rotation of the earth. The earth's 
shadow cone changes relative to the satellite's plane of orbit. 

(See diagram.) Thus, every 180 days the satellite enters an eclipse 
season. This season lasts approximately 40 days after which the re- 
maining 140 days are in continuous sunlight. At the beginning o* an 
eclipse season, the satellite first moves through the outer area of 
the earth's shadow cone. Each day of the eclipse season it progresses 
through a different section of the shadow cone until it has completely 
traversed the cone at the end of the season. The satellite's time 
within the shadow cone thus varies from day to day within the eclipse 
season beginning with a minimum, progressing to a maximum, and return- 
ing to a minimum. 



SBfSBMtr PAGE IS 
QUAUTX 
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II. TEST CONDITIONS 

A. To simulate the conditions experienced by the space cells 
aboard a synchronous orbiting Satellite, the following -182-day test 
regime was adopted for the original 6 ah packs. 

1. Period simulating continuous sunlight (140 days): 

a. The cells were continuously charged at 200 milli- 
amperes except the cells in pack 204B whose coulometer limited them 
to 25 mi Hi amperes. 

2. Period simulating eclipse season (42 days): 

a. All cells were discharged for 12 minutes the first 
day of the eclipse season. The discharge time increased by 3 to 

4 minutes per day for 18 days to a maximum of 1 hour and 12 minutes. 
This maximum discharge then occurs once a day for 8 days (18th through 
25th day of eclipse season) with one exception--a capacity check was 
always run during the middle of each eclipse season. 

b. The capacity check was run on the 21st day of the 
eclipse season. The capacity check consisted of a constant current 
discharge (rate depending on the depth of discharge) to an average 
voltage or low cell cutoff (values dependent on type of cell), 
whichever came first. 

c. Following the capacity check, the cells continued 
the daily discharge of 1 hour and 12 minutes through the 25th day 

of the season. From the 26th day to the end of the season, the dis- 
charge was shortened 3 to 4 minutes per day. The last day's discharge 
was 12 minutes, the same as the first day. The cells then returned 
to continuous charge (sunlight) completing the 180-day cycle. 

B. The following table identifies the synchronous packs and 
gives their present status. 
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PACK 

NUMBER 

MFR 

DEPTH 

TEMP 

TYPE 

AH 

SHADOW PERIOD 
COMPLETED 

DAYS 

RUN 

STATUS 

PROJECT 

201A 

GE 

40% 

40° 

NICD 

6 

#11 

1948 

Completed 11-19-72 

Sync. Orbit 

202A 

GE 

40% 

25° 

NICD 

6 

#17 

3377 

In shadow #18 

Sync. Orbit 

203A 

GE 

40% 

0° 

NICD 

6 

#17 

3377 

In shadow #18 

Sync. Orbit 

2 04 A 

GE 

40% 

-20° 

NICD 

6 

#1 (failed 2nd 

200 

Completed 2-5-68 

Sync. Orbit 

204B 

GE 

40% 

-20° 

NICD 

6 

day of #2) 

#12 

2198 

Discontinued 8-28-74 

Sync. Orbit 

205A 

GE 

60% 

0° 

NICD 

6 

#17 

3377 

In shadow #18 

Sync. Orbit 

206A 

GE 

80% 

0° 

NICD 

6 

#17 

3377 

In shadow #18 

Sync. Orbit 

207A 

GE 

60% 

0° 

NICD 

12 

#14 

2786 

In shadow #15 

ATS F&G 

208A 

GE 

80% 

0° 

NICD 

12 

#14 

2786 

In shadow #15 

ATS F&G 

209A 

GE 

60% 

20° 

NICD 

12 

#14 

2786 

In shadow #15 

ATS F&G 

21 OA 

GE 

80% 

20° 

NICD 

12 

#14 

2786 

In shadow #15 

ATS F&G 

21 1 A 

GE 

60% 

40° 

NICD 

12 

#5 

793 

Completed 5-26-71 
Discontinued 8-28-74 

ATS F&G 

21 2A 

GE 

80% 

-20° 

NICD 

12 

#11 

1962 

ATS F&G 

21 3A 

ASTRO 

60% 

25° 

AGZN 

5 

#2 

425 

Completed 3-24-71 

Sync. Orbit 

21 4A 

ASTRO 

60% 

40° 

AGZN 

5 

#2 

425 

Completed 3-24-71 

Sync. Orbit 

21 8A 

ASTRO 

60% 

0° 

AGZN 

40 

#2 

389 

Completed 7-4-72 

Sync. Orbit 

21 9A 

ASTRO 

60% 

20° 

AGZN 

40 

#2 

389 

Completed 7-4-72 

Sync. Orbit 

22QA 

ASTRO 

60% 

40° 

AGZN 

40 

#2 

228 

Completed 1-25-72 

Sync. Orbit 

221 A 

EP 

60% 

20° 

NICD 

12 

#9 

1975 

In shadow #10 

Sync. Orbit 

222A 

EP 

60% 

10° 

NICD 

12 

#9 

1975 

In shadow #10 

Sync. Orbit 

223A 

EP 

60% 

0° 

NICD 

12 

#9 

1975 

In shadow #10 

Sync. Orbit 

224A 

YD 

60% 

20° 

AGZN 

5 


10 

Discontinued 5-8-73 

PE 

224B 

YD 

60% 

20° 

AGZN 

5 

14 days of shadow 


Discontinued 10-5-73 

PE 

224C 

YD 

60% 

20° 

AGZN 

5 

#1 

392 

Discontinued 10-2-74 

PE 

225A 

YD 

60% 

20° 

AGZN 

21 

#3 

739 

Discontinued 3-18-75 

PE 

226A 

GU 

50% 

20° 

NICD 

15 

#8* 

1310 

In shadow #9 

ATS F 

226B 

GU 

50% 

20° 

NICD 

15 

#4 

948 

In shadow #5 

ATS F 

227A 

EP 

60% 

20° 

NICD 

3 

#1 

59 

Discontinued 2-6-74 

SMS 

227B 

EP 

60% 

20° 

NICD 

3 

#4 

920 

In shadow #5 

SMS 

227 C 

EP 

60% 

20° 

NICD 

3 

#1 

238 

In shadow #2 

GOES B & C 

2 28 A 

GE 

80% 

20° 

NICD 

12 

#1 

235 

In shadow #2 

IUE 


Completed 2 at GSFC. 
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SECTION V 


EQUIPMENT AND PROGRAMS TO BE ADDED TO THE CYCLE 
LIFE TEST PROGRAM 
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I. equipment and programs to be added to the cycle life test program 

A. New Equipment: 

1 . None-New items will only be used for replacement of 
existing equipment. 


B. New Programs: 

1. GE, 6.0 ampere-hour, nickel -cadmium, IVE type cells for 
evaluation of life-cycle capability. 

2. SAFT, 20.0 ampere-hour, nickel -cadmium cells for evalu- 
tion of standard versus light plate loading. 


3. EP, 9.0 ampere-hour, nickel -cadmium cells, AEM program 
(HCMM satellite)’, for evaluation of life-cycle capability. 

4. 20.0 ampere-hour, nickel -cadmium cells, f° r evaluation 
on the standard cell program. Cells from four manufacturers W1 ll be 
evaluated. 
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SECTION VI 


TEST FACILITIES 


i 
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I. TEST FACILITIES 
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A. The ambient test temperatures of Q°C, +10°C, +20°C, +30°C, 
+40°C and +50°C, are maintained by environmental chambers with tem- 
perature controls accurate to w'thin +1 . 5°C; whereas test items cycling 
at +25°C are located in an air-conditioned room with other temperature 
critical equipment and the temperature is maintained at 25°C + 2°C. 
Several chambers, with a temperature range of -75°C to +175°C, are 
available for additional tests which require special temperatures. 

B. Automatic Data Acquisition and Control System (ADACS): 

1. Brief Summary: 

a. The system (Photograph 1) is capable of testing 256 
battery packs with 3000 channels available for data input from these 
packs. 


(1) Each battery pack has its own power supply and 
system interface, remotely programmed by the system, to provide its test 
requirements. During test, the system routinely scans each pack's data 
every 2.4 minutes and compares each data point, whether voltage, tem- 
perature, or pressure, with programmed limits to insure that the test 
items meet their test specifications. If a parameter is out of limits 
the system will initiate an alarm and also type out a message identi- 
fying which pack's parameter was out of limits. 

(2) As data is being scanned, it is recorded on 
magnetic tape and also on a teletype, in report form, if requested. 

(3) The system was designed to provide an accuracy 
of 1.0 millivolt on directly read data such as auxiliary electrode and 
cell voltages. The accuracy of temperature (thermistor) and pressure 
(transducer) measurements are 0.05°C and 0.05 psia respectively. 

b. The system is organized in three functional hard- 
ware groupings as follows: 

(1) Computer and computer peripherals: 

(a) Honeywell 316 computer and options, 

(b) Two ASR35 heavy duty teletypes, 

(c) Honeywell 316-50 high speed paper tape 

recorder and spooler. 
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(d) Datum, Inc., Model 5091 -H31 6 magnetic tape 
I/O system with four tape transports. 

(e) Datum, Inc., two Model 6078-H316 mass 
memory systems with 131,000 work drum memory each. 

(f) Tally, Model 2200 line printer. 

(2) Auxiliary digital functions include: 

(a) The real time clock, the system shut- 
down time and alarm circuits, and medium speed analog input sub- 
system. 


(b) Two John Fluke, Mode 83000-A digitizers. 

(c) 3000-Channel reed relay scanner. 

(d) Computer interface. 

f 

(3) Control sub- system: 

(a) 200 Control channels providing the digital 
resistance conversion and control -relay outputs to the interface between 
the system and the test items. 

2. Measurements: 

a. Cell and auxiliary electrode voltages are presented 
directly to the system. Throughput measurement is 1.0 millivolt 
maximum. 


b. Currents are measured by means of sampling the 
voltage drop across a low- resistance shunt of 100 MV full current 
value. Throughput measurement error cf the shunt voltage is 1 
millivolt maximum. 


c. Temperature; cell and ambient, are measured by 
means of sampling the output of a thermistor bridge which is driven 
by an excitation voltage. The temperature range is -30°C to +70 °C 
and is resolved in increments of 0.1°C, with an error of less than 
0.05°C resulting from linearity. 

d. Cell pressures are measured by means of sampling 
the output of a pressure transducer which is driven by an excitation 
voltage. The pressure range is 0 to 200 psia, and is resolved in 
increments of 0.1 psia with an error of less than 0.05 psia resulting 
from linearity. 
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p Batterv pack voltages, which exceed 10 volts, 
are attenuated by resistors to the extent that the scanner and system 
measures a maximum of 10 volts. 

3. Expandability: 

a The system is expandable on a modular plug-in 
cabled-togetner basis up to a maximum of 5000 analog input channels. 

b. The computer memory may be expanded from 24K 
words to 32K words. 

4. Calibration: 

a. The system was designed for a maximum throughput 
measurement error of 1.0 millivolt. 

b The digitizers are routinely calibrated off-line, 
and when on line* measures the temperature and pressure br1 ^e excita- 
tion voltages along with a secondary standard reference voltage each 
scan (2.4 minutes) to insure maximum system accuracy. 
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